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Vo_. XXIV, No. 7 OcTOBER, 1924 WHOLE No. 207 
INSECT NATURE-STUDY.! 
By C. F. Curtis Riney, 
De partme nil yf Zoology, University of Vanitoba. Winn pe q, 
Canada. 

Insects are at all times interesting and desirable forms for 
nature-study work. They are beautifully colored, and thus 
appeal to the aesthetic side of our natures. Their remarkable 
adaptations to environmental conditions form a source of 
constant wonder. The instincts, habits, and. other. types of 
behavior of these creatures ever have offered bewildering pro- 
blems to the naturalist; while the truly wonderful transforma- 
tions of insect life, by means of physical metamorphosis, are as 
remarkable today as when first investigated. 

In the early spring, the first active insects are noticed with 
considerable interest. One of the first butterflies to appear is 
the Mourning Cloak, Vanessa antiopa (Fig. 1). This insect 
has been observed by the writer in the vicinity of Milwaukee, 
and also in the southern part of Minnesota, as early as the first 
and second week in March. It is also occasionally seen on warm, 
sunny days in winter. Its color, on the upper surface, is purplish 

This paper treats of certain phases of insect life and of environmental conditions, mainly 
us they exist in temperate America Although the majority of the statements made therein 
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brown, with the wings margined with yellow, and just within 
the margin of yellow a row of blue spots. The common Cab- 
bage Butterfly, Pieris rapae (Fig. 2), is another insect that ap- 
pears early in the year, frequently being observed by the middle 
of April. It may be identified by the dull white color of the 
wings, on the upper surface, marked with small black spots, 
and the lemon-yellow color of the under surface of the wings. 
If sheltered ponds and streams are visited in March, the water- 
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Fic. ] Mowurninec Cioak, Var 1 aniiopa, HIBERNATES IN ADULT 
FORM; MAY APPEAR, IN SPRING, AS EARLY \ FIRST WEEK IN MarR H 
SLIGHTLY REDUCED-—AFTER COMSTOCK 
striders (Fig. 3) may be seen skating over the surface of the 
water. Some species of these insects are black, and others are 
brown in color, with elongated bodies, and long slender legs 
Many of the common ground-beetles appear early in the spring 
On warin days, they may be found crawling on the ground 
among the dead vegetation. They leave their underground 
haunts and come to the surface for light and warmth. They 
frequently are observed under dead leaves in the woods. It is 
not uncommon to surprise them beneath stones and decaying 
logs. The little red ants are among the first visitors, for as early 
as the middle of April, they are busily engaged in our gardens 
and on our lawns. 

When insects first appear in the spring, we wonder from whene 
they come. The abiding places of these creatures during the 
winter months are many and varied, and to the true nature- 
study student suggest an interesting field for investigation 
Such work, however, requires real interest, perseverance, and 
disregard of physical inconveniences. The Mourning Cloak 
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butterfly hibernates in the woods, under dead leaves, and in 
hollow trees. The water-striders pass the winter under deep 
drifts of dead leaves, under rocks and stones near bodies of water, 
and under the over-hanging banks of streams in protected situa- 
tions (Fig. 4). Many beetles burrow into dead logs and trees, 





Fic. 2.—Cappace Burtrerrty, Pieris rapae, APPEARS AS EARLY AS 
FIRST OR SECOND WEEK IN APRIL. NATURAL SIZE.—AFTER COMSTOCK. 
and securely pass the winter in such places. Many species of 
small insects crawl into depressions under the bark of trees, 
and thus escape the cold. While it is true that many thousands 
of insects perish every winter, it is equally true that enormous 
numbers hibernate in perfect security until the spring. 





Fic. 3.—WaATER-STRIDERS, Gerris remigis SAY; WINGED FORM TO LEFT; 
WINGLESS FORM TO RIGHT. NATURAL 81ZE.—Covurtesy Epitor ANNALS 
ENTOMOLOGICAL SOCIETY AMERICA. 

Insects, in a general way certainly, are adapted to the environ- 
ment in which they live. Their habits and instincts vary con- 
siderably. Knowing these facts, we should expect to find differ- 
ent species of insects in different locations—different habitats. 
Our own gardens are excellent places to obtain insects, and this 
is particularly true of the vegetable garden, which discloses 
many species of true bugs, beetles, butterflies, bees, wasps 
and flies. It is believed by certain writers that the colors of 
flowers attract some of these insects. It is certainly true that 
many are found there sipping nectar from the flowers. On 
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often found fluttering among tall grass stems and weeds. Wood- 
ed regions are inhabited by many different kinds of dark- 
colored insects. Among these may be mentioned several species 
of butterflies and moths. Beetles, bugs and bees also live in 
such situations. 





Fic. 5.—CraNe-F_y, orn Dappy LONG-LEGS, OF THE FAMILY TIPULIDAE: 
LARVAE SHOW REMARKABLE HABITAT ADAPTATION. THESE FLIES OFTEN 
MISTAKEN FOR MOSQUITOES. ABOUT NATURAL SIZE.—APFTER FoLsom. 

Many nature-study students find aquatic insects to be even 
more interesting than those that live on the land. There is, 
perhaps, a truer perfection of adaptation among the former. 
It is not realized always that aquatic insects are distributed 
among many distinct groups. Among insects that are aquatic 
or semi-aquatic, during some period of their lives, we find May- 
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Fic, 6.—Insecr To Lert BristLe-Tait, Campodea; INSECT TO RIGHT 
FIsHMOTH OR SiLveR-FIsH, Lepisma.{@BristLe-TaiLs AND FISH-MOTHS 
BELONG TO THE ORDER THYSANURA; ALL ARE TERRESTRIAL FORMS. MUCH 
ENLARGED.—AFTER FOLSOM 
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flies, stone-flies, dragon-flies, damsel-flies, caddis-flies, twisted- 
winged insects, bugs, beetles, flies, springtails, and also exam- 
ples of groups to which the butterflies and bees belong. It is of 
interest to know that the transition from land habits to water 
habits has come about very gradually, through a long period of 
time. The behavior of certain common insects throws some light 
upon this subject. There are long-legged flies known as tipulids 

















Fic. 7.—WaTER-SCAVENGER Beetie, Hydrophilus triangularis, suow- 

ING SMOOTH DORSAL SURFACE AND FLATTENED HIND LEGS. NATURAI 
SIZE.—AFTER FoOLsoM. 
(Fig. 5), which develop from larvae possessing habits whic 
indicate remarkable habitat adaptation. Some of these tipulid 
larvae live in soil which is comparatively dry; others are found 
in moist earth; while many inhabit a soil saturated with water 
and adjacent to a pond or stream; and still others are entirely 
aquatic. These transitional habitats and the associated types 
of behavior can not but have a bearing upon the change of adap- 
tation from the terrestrial to the aquatic habit. 

The theory was held formerly that insects inhabiting the land 
had evolved from those living in the water, but the best evidence 
today seems to indicate that the terrestrial insect is the more 
primitive type. On close examination, we find, without ques- 
tion, that aquatic insects possess the land type of structure 
While it is a fact that there are many adaptations for the purpose 
of aquatic life, there is no geniune obscuration of the terrestrial! 
type of structure; for it is evident that the morphological modi- 
fications are not great, nor are they of a permanent character 
In this connection, it is of interest to recall that the members of 

the most primitive group of insects are all land forms. We 
refer to the order Thysanura (Fig. 6), to which belong the bristle- 
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tails and fish-moths. There are about one hundred and seventy- 
five species of insects in this order; and all of these have a simple 
generalized plan of structure, and none of them live in aquatic 
habitats. 

Some of the structural adaptations of aquatic insects are of 
great interest and well worthy of notice. One of our large 
water beetles, Hydrophilus triangularis (Fig. 7), presents certain 
characteristic features somewhat similar to those of a boat, 
and its long legs are not unlike oars. The body has a smooth, 
polished external surface which lessens friction as the creature 
swims through the water. The legs of this insect are wide and 
flat, the lower part—the tarsal region—being fringed with long 
hairs (Fig. 8). As it swims, the so-called “stroke’’ is made by 
the flattened side of the legs, assisted by the hairs which spread 
widely, thus offering greater resistance to the water. When 
the next movement—the ‘‘recover’’—occurs, the legs are twisted, 
so that the narrow edge cuts through the water, and the 
hairs assume a position close against the tarsi, the result being 
a reduction in the resistance. If the beetle is placed in a glass 
dish of water and watched carefully, it will be evident that the 
last pair of legs are used in swimming, as they are nearest to the 
center of gravity. Now drop a terrestrial beetle into the dish 
of water and notice that the creature instinctively depends 
upon the third pair of legs for locomotion. Not all aquatic 
beetles use their legs in the same manner when swimming, for 
example, Hydrophilus moves its hind legs alternately, but the 
Predaceous Diving-beetle, Dytiscus (Fig. 9), a member of the 
family Dytiscidae, operates its hind lets simultaneously. The 
second method of swimming is superior to the first, because it 
results in locomotion in a straight path, and eliminates much 
waste motion. The adaptiveness of the legs of aquatic beetles, 
for locomotion in water, is indicated very well when such insects 
are placed upon a solid surface. They stumble about most 
awkwardly, making vain attempts to walk, for the modifications 
of the legs for swimming have impaired them for walking pur- 
poses. 

There are many other morphological modifications of the 
bodily form of insects, which seem to indicate the adaptation of 
these creatures to an aquatic life. With these modifications of 
structure are associated special kinds of behavior; several of 
these will be considered. Various species of bugs live in ponds 
and streams. One of these is known as the Giant Water-bug, 
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Serphus, and is frequently observed carrying the eggs on its 
back. It is the male insect that evinces this form of behavior. 
It was formerly believed that the female placed the eggs on her 
own back. One important fact that throws doubt on this idea 
is that the ovipositor of the female Serphus is of such a structure 
that it could not be used for the purpose mentioned. The 
process by which the eggs are placed on the back of Zaitha, 
a closely related water-bug, is definitely known, for the egg- 
laying has been observed in aquaria. One layer of eggs is placed 
on the back of the male, and the eggs are so arranged that the 
long axes are perpendicular to the back of the insect, being 
held in position by a mucilaginous-like substance. The male 
bug responds negatively to this operation; in other words, it is 
not passive during the procedure. 





Fic. 8.—LErr HIND LEGS OF AQUATIC BEETLES, SHOWING FRINGE OF 
LONG HAIRS ON TARSI. A, WATER-SCAVENGER Beetie, Hydrophilus 
trangularis; B, Prepaceovus DivinG-BEETLE, Cybister fimbriolatus, wiTH 
TARSAL HAIRS WELL DEVELOPED; C, COXA; F, FEMUR; 8, SPUR; T, TARSUS; 
TI, TIBIA; TR, TROCHANTER. MUCH ENLARGED.—AFTER FoLsom 

The process of respiration among aquatic insects is frequently 
associated with structures and organs that appear to be spe- 
cially modified for the performance of this function. Some 
insects must come to the surface of the water to breathe; others 
find it possible to take air under their wings, and to carry it 
below the surface; many have specially adapted structures 
known as gills, which are able to obtain air from the water in 
which the insects live. The Water-scorpion, Ranatra (Fig. 10), 
lives in quiet water, near the shores of ponds and banks of 
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streams. This insect is brown in color, with long, slender legs 
and body. It comes to the surface of the water to breathe; 
this it is able to do by means of two elongated, delicate bristle- 
like structures situated at the hind extremity of the body. 
These organs are locked together during the process of respira- 
tion and thus form a single tube, which is projected to the sur- 
face of the water, from whence the air is taken into the body of 
the insect. Frequently, this tube is thrust to the surface of the 
water during respiration, while the Water-scorpion is at the 
bottom of a shallow stream or pond; or the creature may be 
nearer to the surface, grasping the stem of some aquatic plant. 
The Back-swimmer, Notonecta undulata (Fig. 11), is an interest- 
ing insect. As its name suggests, it swims on its back, which is 
shaped rather similar to the bottom of a boat. Hairs are dis- 
tributed over the external parts of the body, and among these a 
film of air is entangled. The insect also takes air into the space 
under the wings. This air, in the two places mentioned, is 
carried beneath the surface of the water, and it allows the back- 
swimmer to remain there for a considerable length of time. 
The Whirligig-beetle, Gyrinus, which is often observed circling 
around on the surface-film, is able to swim below the water- 
surface with a sac of air attached to the hind end of the body, 
thus permitting the insect to breathe in deep water. The mem- 
bers of a related genus of whirligig-beetles, Dineutus (Fig. 12), 
are able to respire under water, owing to the air taken under the 
elytra or wing-covers. During the larval and nymphal stages of 
certain aquatic insects, the skin is sufficiently thin that respira- 
tion occurs by direct aération. The nymphs of damsel-flies 
possess specialized structures for breathing, that are in reality 
outgrowths from the skin. They have leaf-like gills (Fig. 13) 
at the tip of the abdomen, which are thin-walled and contain 
many delicate, branches tubes. Pure air is taken in from the 
water, and then circulates through these tubes. Many immature 
forms of insects, with organs of respiration of this character, 
can remain below the surface of the water indefinitely. Other 
examples of adaptation of structure in connection with function 
could be designated, but perhaps sufficient has been stated to 
indicate something of such modifications among aquatic 
insects. 

Many students of insects are very much interested in making 
collections, and in mounting insects on pins. Such work has 
its value and its attraction, and must not be decried; but to 








































690 SCHOOL SCIENCE AND MATHEMATICS 


the writer, there is much greater fascination in the living, 
breathing organism. A new science has developed in recent 
years, which is known as Animal Behavior. This is the study 
of the responses of living animals, in a logical manner, and, as 
far as possible, the discovery of satisfactory explanations for 
such responses. Much of this sort of work has been done in our 
laboratories, under what is known as controlled condition < 

















Fic. 9.—Prepacgeovus DivinG-BEETLE, Dytiscus, DORSAL VIEW; ADAP- 
TIVENESS TO AQUATIC HABITAT INDICATED BY GENERAL STRUCTURE Of} 
BODY. NATURAL SIZI ArTeR LINVILLE AND KELLY 


The results of such work have proved to be of great value. But 
there is also much valuable investigation to be accomplished 
in the observation and interpretation of animal responses out- 
of-doors, where animals are found in their natural environment 
Insect life is well adapted for investigations from the view- 
point of the student of Animal Behavior. 

The responses of insects that have been studied most care- 
fully are those known as tropisms, instincts, and intelligence 
Certain influences of the environment, for example, tempera- 
ture, moisture, gravity and light, frequently have a controlling 
effect upon the direction in which an insect moves, and these 
factors also may determine its bodily orientation. The re- 
sponse of an insect, under such conditions, may be stated to be 
a tropic response, or a tropism. Certain species of beetles 
respond to the stimulus of moisture by moving toward it 
When insects move toward the source of the stimulus, they are 
said to respond in a positive manner. On the other hand, when 
they move away from the source of stimulation, they are re- 


sponding in a negative way. Certain aquatie beetles were 
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removed from the water, while clinging to some water plants; 
when the plants were placed on the ground, they scrambled 
out, and made their way toward the water, which was about 
twenty feet distant. There are beetles that dwell on the shore 
and keep themselves carefully concealed. If water is splashed 
near the place of concealment, they leave their haunts and 
may be captured. Each instance is an example of response to 





Kia 10 WaATER-SCORPION, Ranatra; AN AQUATIC BUG, SHOWING 
LONG, SLENDER, BRISTLE-LIKE RESPIRATORY STRUCTURES AT HIND EX- 
rREMITY OF BODY NATURAL SIZE DRAWING JOHNSON AND RILEY 


moisture, and is known as a tropic response. Behavior of this 
character is named hydrotropism. Some insects avoid the 
light, for example bedbugs and cockroaches. Mary butter- 
flies and moths fly toward the light. Both of these are cases 
of phototcopism. The direction of locomotion appears to be 
guided by the stimulus of the light. Much detailed experi- 
mental data have been assembled, and careful conclusions have 
been made upon various kinds of tropisms. 

Instinct is a type of behavior that is well developed among 
insects. All forms and types of behavior are rather to be con- 
sidered as processes than as products. Frequently, instinct 
appears to be so complete and so finished a process that it is 
suggestive of rationality. However, instinctive behavior may 
be considered to be of that character which “attains adaptive 
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ends without prevision and without previous experience.’’ 
Another brief definition of instinct is ‘‘a propensity prior to 
experience and independent of instruction.’”’ <A butterfly 
deposits its eggs upon a food-plant of a particular kind. All 
butterflies of the same species deposits their eggs upon plants 
of this same kind. This act is accomplished, the first time 
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Fig Ll BACK-SWIMMI R, Notonecta undulata. COMMON IN PONDS, AND 
IN POOLS OF SLUGGISH STREAMS NATURAL “IZ! Drawina JOHNSON 
aND RILEY 
certainly, without prevision and without experience. Cater- 


pillars"of a like species build nests which are all alike in strue- 
ture. This can not be the result of imitation, for the individual 
caterpillars each build the same kind of a nest even when widely 
separated from each other. This is an instinctive act, as there 
is no indication of prevision, and experience with respect to 
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Fig. 12.—WHIRLIGIG-BEETLES, Dineutus, ON SURFACE OF WATE! 
COMMON ON SURFACE-FILM OF PONDS AND SLUGGISH STREAMS N ATURAI 
$1zZE.—AFTER LINVILLE AND KELL’ 


the process is excluded. Flesh flies very soon after emerging 
from the pupae cases are able to perform the various life pro- 
cesses. Their sense of smell directs them to the proper food 
They are able to avoid many different kinds of harmful stimuli. 
The members of the opposite sex are readily recognized. Thei 
eggs. are deposited on the kind of substances that will serve 
as food for the larvae, that are to be hatched from these eggs. 
None of these acts have been directed by former experience; 
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neither are they prompted by reason. All of this behavior is 
the result of impulse, which urges these creatures to use their 
energy in certain definite ways. They do not know why they 
perform these acts. 





Fic. 13.—LEAF-LIKE GILLS OF DAMSEL-FLY NYMPH, ZYGOPTERA. EN- 
LARGED.—AFTER FOLSOM. 


Some instinctive acts appear to be practically inflexible; 
others display definite indications of flexibility. The fact that 
instincts are modifiable suggests the possibility of variation in 
instinctive behavior, and this has been found to be the case. 
Certain solitary wasps, Ammophila, place caterpillars in their 
nests. After capturing the caterpillars and before dragging them 
into the nests, the wasps sting these larvae in order to paralyze 

















Fic. 14 SotitaRyY Wasp, Ammophila urnaria, STINGING CATER- 
PILLAR, BEFORE CARRYING TO NEST. ENLARGED.—AFTER G. W. anpD 
E. G. PeckHaM 
them (Fig. 14). On examining these caterpillars, and after 
observing the wasps in the act of stinging, it was found that 
there was much variation in this process. In fact, in no instance 
was the sting given without some variation. There was much 
variability in the severity of the stinging, for some of the cater- 
pillars lived only two or three days, while others were alive at 
the end of two weeks. There was also considerable variation 
in the method of digging the nest, as there was also in the final 
shape of it. 
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One of the most interesting phases of Ammophila behavior, 
in connection with the work on the nest, is that of filling up the 
cavity. There is much variation in the character of the respon- 
ses. In fact, it may be stated that ‘“‘the character of the work 
differs with the individual.” There are at least five different 
variations of behavior in closing the nest. However, one of 
these is much more remarkable than the others, both as to its 
adaptability and its individuality. After the cavity of the nest 
had been filled up to the level of the ground, one Ammophila 
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Fig. 15.—Souirrary Wasp, Ammophila urnaria, WITH PEBBLE IN 
MANDIBLES FOR POUNDING DOWN EARTH ABOVE NEST ENLARGED 


Arrer G. W anv E. G. PeckHam 
carried some small particles of soil to the locality of the nest 
Immediately following this act, the wasp, by means of its 
mandibles, seized a small stone (Fig. 15) and used this to pound 
down these particles of soil, until the closed mouth of the nest 
was as smooth and firm as the surface of the ground in the 
immediate vicinity. It is, of course, possible that the respons 
of the wasp, in pounding down the soil with a small stone, was 
an intelligent act. In fact, the original observers (1898, p. 236)’ 
considered the behavior to be of this character. Many other 
examples of modifiability in instinctive behavior could be given. 
However, it has been sufficiently indicated that not all instincts 
are inflexible, neither do they lack individuality 

The origin of instinct is an interesting problem, and it has 
been discussed at great length by many students of Animal 
Behavior. The instinctive acts of insects are of the reflex type; 
they may be considered to be co-ordinated reflex acts. In fact, 


Peckham, G. W., and E.G On the Instinets and Habits of the Solita Wa 
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INSECT NATURE-STUDY 695 


it is very difficult to distinguish clearly between reflexive and 
instinctive behavior. They possess at least one trait in common, 
and that is their adaptiveness. Reflex acts are responses of 
specific organs of the body of insects, which owe their origin to 
various kinds of stimuli. These responses may be considered to 
be inevitable, and entirely lacking in volition. The fact that in- 
sects possess organs presupposes their use. The function of 
stinging is a reflex act, for a wasp that has been decapitated still 





Fic. 16.—Polistes, A GENUS OF WASPS LIVING IN COLONIES. NATURAL 
SIZ} AFTER COMSTOCK 
has the potency to perform this act. A wasp that has recently 
emerged from the larval stage stings with precision. It is 
stated by some writers that a reflex act is the response of an 
organ, while an instinctive act involves the entire body of the 
insect. But it is well known that the behavior of many of the 
simplest animals is of the reflex type, and yet the whole body 
is involved. There is a close relationship between an insect 
tropism and an insect instinct. In fact, an instinct, not incor- 
rectly, could be defined as a tropism or a combination of tro- 
pIsms 

mstinct has been designated as inherited habit, but this 
explanation of instinct is not widely accepted. Another view- 
Such an 
assumption of the origin of instinct necessitates farther con- 


point of instinct is that it is “lapsed intelligence.’ 


sideration of habit. In many instances, habits are, undoubtedly, 
the product of intelligent behavior. According to such a point 
of view, the constant repetition of behavior of this character 
yradually develops into self-regulatory acts, resulting finally 
in instinct. Such a view of the origin of instinct would require 
intelligence to have appeared first, and instinct to have degener- 
ated from it. To the evolutionist, such an idea is untenable, 
because it is illogical; for the lowest, simplest, animals would be 
expected to be devoid of instinct, and their behavior to be almost 
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entirely of the intelligent type. Students of genetic animal 
psychology and behavior know that the opposite is the case. 
The preponderance of evidence points to the probability that 
instinct has developed from reflex acts, because among the 
lowest animals, it is found that their behavior is very largely 
of the reflex type; and as we pass up the scale of animal life, 
instinct is observed to be the outcome of this type of behavior, 
having reached a very high stage of development among in- 
sects. Some of the social insects, such as bees, wasps and ants, 
not omly evince complex and specialized instincts, but also a 
certain amount of intelligence. Finally, among the higher 
vertebrates, although there is much behavior of an instinctive 
character, intelligence reaches its culmination, having evolved 
from behavior possessing an instinctive basis. 


‘ 





Fic. 17.—ComMow Suupaur, Colias philodice, A BUTTERFLY rREA 
QUENTLY DISPLAYING ALBINISM NATURAL SIZI DRAWING JOHNSON 
AND RILEy. 

Intelligent behavior differs from both tropisms and instinet 
It is demonstrated in the ability of an insect to profit by ex- 
perience, which is an indication of intelligence. There is a 
considerable amount of evidence of intelligent behavior among 
insects as shown in their power to choose between alternatiyes 
Discrimination is proved, as the result of experience, by their 
skill in avoiding enemies, in their fine control of locomotion, 
in their choice of food, and in their wonderful power of inter- 
communication. Many of the acts of solitary wasps are intelli- 
gent. Social Hymenoptera, the group to which belong the 
wasps, bees and ants, exhibit behavior which is very difficult 
to explain, except from the standpoint of intelligence. Much 
has been written concerning imitation among the Hymenop- 
tera; but how much of this sort of behavior there is among 
the various species of wasps is doubtful. Certainly, there is 
no indication that worker wasps, Polistes (lig. 16), learn to 


feed the young by imitation. An example of intelligence among 
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insects is the precision with which bees find their way back to 
their nest. There is, probably, no mysterious direction sense 
involved in order to explain such behavior, for there is reliable 
evidence that these insects find their way by the recognition 
of objects along the route traveled. Careful observation has 
proved that when bees leave the nest for the first time, they 
make vigilant studies of the immediate vicinity. Ants readily 
recognize members of their own and of other colonies. This 
behavior may easily be mistaken for intelligent discrimination, 
but it is not necessary to consider these insects endowed with 
intelligence, in order to interpret correctly responses of this 
character. Such recognition is the result of being able to dis- 
tinguish the distinctive odor of individuals of their own colony, 
and that of the members of other colonies. In closing this 
topic, it may be stated that there is great difficulty in drawing 
a sharp line of demarcation between instinct and intelligence. 
Many responses of insects are without doubt largely of the 
instinctive type, but there is much behavior that just as surely 
involves intelligent acts. 

Even the casual observer has noticed the brilliant colors of 
many insects. In many cases, it is the aesthetic appreciation 
of insect coloration that first attracts nature students to these 
interesting creatures. The colors of insects may be considered 
as being due to three factors: internal pigments, interference or 
reflection of light resulting from certain structural conditions, 
and combination colors due to the two factors mentioned acting 
together. The beautiful iridescence of the wings of flies and that 
of soap bubbles are formed practically in the same manner. 
The irridescence observed in the colors of the scales of butter- 
flies, in many instances, is produced by the diffraction of light 
by means of fine, closely parallel markings. Beetles are often 
blue or green in color; these striking colors are frequently the 
result of the diffraction of light, produced by means of very 
small lines or pits. Cockroaches and many beetles owe their 
colors very largely to the pigment in the cells of the skin layers. 
There are a number of other factors that modify colors in in- 
sects, such as the effects of light and darkness, moisture and 
dryness, food and lack of food, and also heat and cold. It is 
well known that the insects of the tropics are brilliantly colored, 
and that the colors of insects in the far north are dull and 
monotonous. The former is generally considered to be the 
result of high temperature, bright light and excessive moisture. 
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The latter is probably the consequence of environmental, cli- 
matic conditions. Such coloration is described as being climatal. 

The nature-study student should learn to discriminate between 
the light-colored and the dark-colored insects. Some are ex- 
ceptionally white or pale in color, which may be owning to ’ 
lack of pigment, or to the presence of a white pigment. This 
is known as albinism, and is common in certain species of butter- 
flies. The common yellow butterfly, known as Colias philodice 
(Fig. 17), and the Cabbage Butterfly, which belongs to the 
family Pieridae, frequently display albinism. Other species 
of butterflies are almost black in color, while still others are 
dark brown. This is believed to be the result of high tempera- 
ture and moisture, and is a condition known as melanism. 


Some species of butterflies produce three broods in a year, one 








| 
Fig. 18.—Sprinag Azure, Cyaniris pseudargiolus, A SMALL BLU! 
BUTTERFLY PRODUCING THREE VARIETIES IN A SEASON; A, VARIETY lucia, 
LARGE BLACK MARKINGS ON UNDER SURFACE; B, VARIETY violacea, SLIGHTLY 
LARGER, SMALLER BLACK SPOTS; C, pseudargiolus PROPER, STILL LARGER, 
FAINT BLACK DoTs. Repucep.—AFTER FOLSOM 
in the spring, another in the early summer, and still another in 
the late summer; all three of these differ markedly in color. 
This variation in color of the same species, in different broods, 
is finely exemplified by a small blue butterfly, the Spring Azure, 
Cyaniris pseudargiolus. It is very common in many parts of 
New England, where two broods are produced. In the vicinity 
of Cambridge, Massachusetts, the spring brood yields two 
varieties, an early one, known as lucia, small in size, with large 
black markings on the under surface; and a late one, named | 
violacea, generally larger than the first, with smaller black 
spots on the lower surface of the wings. The summer brood 
produces a third variety, which may be considered as pseudar- \ 


giolus proper, larger than the two other varieties, and with the 
black dots indistinct on the under wing-surface (Fig. 18). It is 
an interesting fact that, in the northern parts of Canada, there 
is one brood only, lucia; while, in the warmer parts of the 
southern United States, there is but one variety in the spring, 
violacea; the later variety is pseudargiolus. Such difference in 


coloring, in the same species, is known as seasonal coloration 
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The study of insects and the habitats of insects, if steadily 
pursued, will give the nature-study student an appreciation 
of outdoor life that can not readily be obtained in any other way. 
It will develop keen observation and quicken the ability to 
discriminate between likenesses and differences. The student 
will gradually become acquainted with a vast faunal life, which 
he scarcely knew to exist. Finally, he will touch at first hand, 
some of the great truths of organic life, exhibited as fundamental 
jaws and principles, which govern the relations and interrela- 
tions of the various units of the realm of nature. 

THE NEW METHOD OF BIRD STUDY. 


Do you know the fascination of trapping and banding wild birds? 
Have you held a bird in your hands, examined him earefully, released 
him, and then found that, instead of being frightened away, he comes 
back to your traps again and again; sometimes the same day, the same 
week; perhaps he reports to you nearly every day all summer; yes, and 
some of them vear after year 

Professional or amateur ornithologist, you may by this method handle 
hundreds of birds in a year, study the bird, his habits, his mates, and 
even keep a record of his children, or grandchildren. By this method 
you may secure new kinds of facets, that were formerly so difficult to 
obtain. And this is no guess work, for each bird is identified by the 
number on the small aluminum band, which you have attached to his 
leg when first taken 

A trapping and banding station benefits and increases the number of 
birds, as suecess requires that the locality be freed of the enemies of 
birds; that food and shelter be provided, and the loeality becomes in 
fact a bird santuary, Many officers of Audubon Societies are recom- 
mending this method, not only as the best means of increasing popular 
interest in birds, but because it direetly benefits and increases the num- 
ber of birds 

This method of bird study has been adopted by the U. S. Biological 
Survey (Washington, D. C.), and Speeial Permits for Bird-banding are 
issued to those who will volunteer to place the bands which are furnished 
by the Survey. These Permits are issued only to persons over eighteen 
vears of age who have sufficient experience and knowledge of brids to 
carry on the work with scientific accuracy 

The Inland Bird-Banding Association was organized in Chicago in 
October, 1922, for the purpose of assisting and co-operating with the 
Biological Survey in organizing this work in Canada, the Central States 
and the States of the Mississippi Valley, from the Appalachian Moun- 
tains to the Rocky Mountains and south to the Gulf of Mexico. 

The purpose of this association is to bring together those who are 
interested in the study and protection of birds along the great migration 
routes in this area, to assist in organizing trapping stations, to encourage 
local meetings of those who are interested, and provide a central office 
of exchange of information and ideas; members will be expected, when 
they file reports with the Biological Survey, as required by the Survey, 
to furnish quarterly a general report to this Association. 

If you are interested, send in your application to the Treasurer. 

WiuuiaM I. Lyon, Secretary, 
124 Washington St., Chicago, Ill. 
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HIGH SCHOOL CHEMISTRY AND THE PERIODIC SYSTEM. 
P. M. Guasogr, Pu. D., 
St. Olaf College, Northfield, Minn. 

Science is systematized knowledge, says the dictionary. If 
that be the case it should be good pedagogy to give the subject a 
touch of “‘system’’ just as early as possible. We pride ourselves 
on the fact that chemistry is not only a science but an accurate 
science. It is, therefore, good teaching strategy to give the 
study a distinctly chemical atmosphere just as soon as possible. 

Suppose a chemist should say to you that he does not believe 
in dividing the metals into the five or six groups usually used 
in qualitative analysis—it is too mechanical and difficult; it 
requires’ the memorizing of a number of metals in Group I, an- 
other series in Group II, ete. No, he wants his students to go 
into the laboratory and work out for each metal a series of tests 
and reactions by which it may be identified. 

An intolerable attitude, you say, and one that will not bring 
results. And yet that is the attitude a lot of people take to the 
Periodic System—nature’s own golden thread running through 
first year chemistry. Just what there is about it that makes it 
so difficult that it must be shut out of high school chemistry is 
not at all apparent to a person who has given the System thorough 
study. Leaving it out makes first year chemistry a veritable 
potpourri. 

Can the Periodic System be Grasped by High School Students? 

It is much simpler than the multiplication table. It is im- 
mensely more interesting and requires much less time for master- 
ing it. There is absolutely nothing difficult about it. Moreover, 
every phase of the learning of it may be made very interesting 
and highly profitable. It gives the opportunity of introducing 
a lot of knowledge which every intelligent high school student 
already has—putting their knowledge to work, so to speak, 
in a practical and thought producing way. It arouses a sense 
of curiosity, gives the imagination free play and serves to 
connect the most fundamental facts so as to make of first year 
chemistry a united and well rounded whole instead of a hetero- 
geneous jumble of disconnected facts and figures. 

When Should It Be Introduced? 

Early. Very early. Surely you will allow us ‘‘to follow the 

order of topics which has become standard in chemical teaching”’ 


through fime worn custom, taking up oxygen, hydrogen, water, 
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chlorine, sodium, the atmosphere and nitrogen before entering 
upon any such sweeping generalization as the Periodic System? 
Emphatically, No! Why should anyone want to take up the 
above disconnectedly, without any show of relationship at all, 
when one can just as well take them up later with some show 
of sequence and consequence? 

All you need is to lay the usual, foundation by taking up the 
consideration of chemical and physical change, compound and 
mixture, and the law of definite composition. From this you 
go naturally into the consideration of the ultimate chemical 
units, the atoms, and their weights, and that is all that is neces- 
sary. Having shown the class that they already know a good 
many chemical elements by having them name all the metals 
they are acquainted with and calling their attention to the fact 
that such substances as sulphur, charcoal, chlorine, and iodine 
are also elementary you direct their attention to the table of 
atomic weights found in the text book and make the class do 
the preliminary work in beginning the study of the Periodic 
System. 

How to Begin. 

Let the class arrange the first eighteen or twenty elements 
in the order of their atomic weights. Several of the first twenty 
are new and strange to them but a surprising number will be 
found to sound familiar. You show them samples of sodium, 
magnesium, aluminum, carbon, phosphorus, and sulphur. A 
mere suggestion on the part of the teacher brings out the dis- 
tinctly opposite characteristics here shown. Magnesium and 
aluminum are metals; well, what shall we, then, call carbon, 
phosphorus, and sulphur? If they cannot suggest the name 
themselves they will instantly agree that ‘‘nonmetal’’ will be a 
good name for them. So also they can be made to see that 
nitrogen, oxygen, and fluorine are nonmetals while lithium, 
beryllium, and boron are metals. It will be an interesting exer- 
cise for them to note that they first haye two nonmetals, hydro- 
gen and helium, then three metals, then five non metals, then 
three metals and again five nonmetals—veriodicity already. 
Thus: 

Two Three Five Three Five 
nonmetals metals nonmetals metals nonmetals 
Now, why shouldn’t that appeal to a wide awake class of boys 
and girls? They have made a scientific discovery. Taking the 


elements in the order of their atomic weights there appears and 
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reappears with wonderful periodicity a certain definite sequence 
of metal and nonmetal. 

By a little manipulation the teacher rearranges the elements 
7 | for them about as follows: 

; H He Li Be B C N O F 
1 Ne Na Mg Al ae 2S Ss & 
A kk Ca ete 


Here we can introduce a bit of history telling the class that 
the first complete arrangement of the elements in accordance 
with this periodicity was made by two men: Mendelejeff a 
Russian, and Lothar Meyer a German, both publishing thei 
results about the year 1869. This was many years before helium 
and argon were discovered. From Mendelejeff’s arrangement 
we still have the following designations by groups 


Group I II III IV ‘V VI VII 
Series | Li Be B C N . I 
Series 2 Na Mg Al Si P Ss Cl 


The remarkable thing about this is that sodium is very much 
like lithium, magnesium is like beryllium, aluminum is like 
boron and so on down the series. In other words: having simply 
arranged the elements in the order of their atomic weights we find 
that a certain regular repetition of properties appears so that 
the elements that occur in the vertical group columns are very 
closely related. So fundamental is this relation that on the 
strength of it Mendelejeff was able to foretell the discovery O 
‘certain elements; moreover, having been discovered they woul 
be found to have such and such properties. He predicted three 
such elements and lived to see them all discovered and found 
to tally with his predictions in a marvelous way. 

This is far more interesting for boys and girls than the fact 
that oxygen was first prepared in 1771 by Scheele or that sodium 
was first liberated by Sir Humphrey Davy in 1807. Aside from 
having shown the class one of the most wonderful of all natural 


¢ 
i 

| 
‘ 


phenomena, you have laid the foundation for teaching them in a 
simple, logical and impressive way the fundamental chemical 
laws and _ relationships.* 

What Next? 

We are now ready to begin the study of chemistry. The 
class has already noted the antithetical position of metals and 
nonmetals. It is an easy matter to lead them to understand, 
from facts they already know, that metals are positive while 
nonmetals are negative. Could anything be more natural? The 


two poles of a magnet are positive and negative; the series is 
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like a great magnet, positive at the left end and negative at the 

right. By means of the following diagram the gradation of 

positive and negative properties may be graphically represented: 
~ 


] 


| 
Na— -Mg —— I. a ———— FP ——___ 
These are it} 7 Lo 
positive ete 


These aye negati ve 





Ps I i 


Fig. I. 

From this it appears that properties vary gradually and that 
at the center of the series we have a zone of neutrality—just 
like a magnet. 

It was mentioned a ways back that it would be desirable to 
give the study a chemical setting as early as possible. No doubt 
a great many think that we have gone far enough by this time. 
But we are going further. And the things that will now be 
mentioned are none too difficult, drawing largly on the fund of 
every day knowledge the pupils have when they enter the chem- 
istry class. 

Giving the Study the Chemical Atmosphere. 

With the foundations now laid it is easy to point out that 
metals form bases and nonmetals form acids. The average alert 
child knows about acids and bases, although it is necessary for 
the teacher to reduce the science of it to the common terms of 
their every day knowledge. They know ammonia, lye, soda, and 
they know vinegar, sulphuric acid and muriatie acid. A good 
many of them know that mother mixes sour milk with soda in 
making soda biscuits. You show them that one of these groups 
turns litmus blue while the other turns it red; also that when a 
member of the ‘“‘red’’ group is mixed with a member of the 
“blue” group, they lose all power to affect litmus paper. 


These form acid 


| . compounds. 

Na - Mg Al — si P S—Cl 

Th em hegic 
inese torm Dasic . 


compounds. E 
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Now they will grasp with avidity the fact that the ‘“‘blue”’ 
division comes from the left of a series while then, of course, 
the “red’’ must come from the other end. The average child 
will draw the conclusion for himself that acids neutralize bases 
a principle so universal as to be of use every day of the school 
year and for the rest of their lives. Another chart will help to 
enforce these facts: 

The acid and basic ‘‘abilities’’ of the elements may be desig- 
nated roughly as proportional to the lengths of the vertical lines 
associatd with the elements. Summarizing the characteristics 
so far enumerated in one graph we would have the following 


Non metallic negative 








Ba wa acid for ming. 
Ne ‘%— —— | si - ~—-, —_ -3 aie 
Metallic positive Bie. | 
base forming Pipa 
Fi. pat = 
Fie. ITI. 


How Elements Combine. 

The class is now ready to tell you what elements will combine 
and with what degree of affinity. The most positive will natural- 
ly combine most actively with the most strongly negative to 
form the most stable compounds. The affinity elements have 
for each other is fairly represented by the degree of positive or 
negative as shown in the graphs. The pupils are now in a posi- 
tion to write out a large number of combinations that will take 
place and estimate to a considerable degree of certainty the 
stability of the compounds formed. 

One great advantage at this point is the opportunity you have 
of letting the pupils do a little original work. It is original as 
far as they are concerned. Make them write out all the different 
combinations they think will form of the elements in the first 
and second series, using the symbols, thus: NaCl, NaS, NaP, 
NaO, NaF, ete. Let them now turn to the text book to see 
whether such combinations actually are given. 

So far you have not mentioned to them the idea of valence 
nor have you used a single formula with a subscript in it. They 
come back pleased to have found the text mentioning compounds 
of sodium with chlorine, sodium with sulphur, sodium with 
oxygen and sodium with phosphorus, but there is something 
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that bothers them. In the text they find Na.O, Na.P, NaS, 
etc. whereas they had NaO, NaP, NaS, ete. 
Teaching of Valence a Natural Operation. 

They have made another discovery and have compelled you 
to teach them about valence. That is, pedagogically, something 
quite different from your compelling them to learn about valence. 
It is in a nut shell the difference between the “‘pouring in’”’ and 
the “drawing out’’ process of teaching. Besides they have given 
you an excellent starting point. They have written: NaCl, 
NaS, NaP. The book has it NaCl, NaS, Na,P. What more 
do you need? Chlorine unites with one sodium, sulphur with 
two and phosphorus with three. All atoms do not unite atom 
for atom but have different combining capacities. That is 
what is meant by valence. 

Give them this problem. Try to find in the text several ele- 
ments that unite with chlorine unit for unit. They will report 
back HC1, KC1, AgC1, ete. Then look up examples of metals 
holding two chlorines. They find CaCl,, MgCl., CuCl,, ete. 
By a little leading they may find A1C1;, and even CCl, and 
SiC1,. Refer back to our table of the first two series and let us 
make a summary: 





Na Group I Holds One Chlorine 
Mg Group II Holds Two  Chlorines 
Al Group ITI Holds Three Chlorines 
Si Group IV Holds Four Chlorines 
P Group V Holds Five Chlorines 
s Group VI Holds Six Fluorines 
_—t 
1" 
2 ¥ 
; a x ly 
a ae 0 
a 2 am 
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Valence by Groups 
Pip. 
Fig. IV. VALENCE BY GROUPS. 

Here one may anticipate a little on their knowledge, or by 
taking time to introduce oxygen compounds one may show 
that Group V has valences of three and five; Group VI has 
valences of two, four, and six; and finally that Group VII has 
valences of one, three, five, and seven. This may be graphically 


represented as follows: 
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Another season of drill in writing the binaries that can be 
formed from the first and second series will resu!t in fastening 
indelibly in their minds the idea of valence. Structural formulas 
must be used by all means. The graphic method of representa- 
tion carries with it definite proof that they understand what 
they are doing; the other may be merely the repetition of a rule 
by rote. 

The “Long Series’’ Arrangement 

The writer has never fancied the Mendelejeffian grouping as 
given in the usual text book table or the common wall charts. 
it is confusing to the pupil, as no doubt to the older person some- 
times, to have Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, all in one column 
and group. There is no doubt but that such grouping effectively 
defeats the advantages that might otherwise be derived from the 
System. The mere fact that from Ca and Zn down the group 
is subdivided into sub group A and sub group B, the former 
hugging the left hand edge and the latter the right hand edge 
of the space between the two lines called Group II does not help 
a great deal. A number of texts arrange the group in this way 
when they take it up for study. 


Meg 
Cla Zn 
or Cd 
Ba Hg 


and that helps some. But even that does not explain 
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The following Periodic Table makes the reason for the ‘‘A”’ 
and “B”’ subgrouping clear and serves to clarify a lot of questions 
that must come up later. (See Figure V. 
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The long series from potassium to bromine is an entirely 
different proposition from the doubled-upon-itself two-short- 
series arrangement with copper coming under potassium, zinc 
under calcium, ete. Copper does not belong under potassium and 
certainly manganese should never keep company with bromine. 
At the extremes of this long series we find the same clear cut 
and definite properties that we find at the ends of the two short 
series above. In fact sodium and potassium are enough alike 
to be twins, as are also chlorine and bromine. But here the 
sharp relationships also end. You cannot say that calcium and 
zine are very much alike. In going from potassium to manganese 
we pass through the same cycle of changes that we go through 
in the sodium series but the positive and metallic properties 
persist much farther to the right—so much so that even chrom- 
ium-and manganese are both distinctly matallic. But they are 
just as definitely nonmetallic forming acid derivatives of very 
stable properties. In like manner we find in the second half that 
acid properties show up very early. From zine on towards the 
right acid properties rapidly increase while chemical metallic 
properties decrease finally disappearing altogether with seleni- 
um. A picture of this rather complicated influence of position 
may be derived from the following graph: 


; , 
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Fie. VI. 

One can understand, now, why chromium, manganese, copper, 
gold, and mercury show a wobbliness with regard to valence. 
They belong in the zone of dual properties, where acid and basic, 
nonmetallic and metallic properties, so to speak, strive for 
supremacy. It is most natural that where elements have to 
divide properties with those of adjoining groups—live a double 
life—there should also be a division in the matter of valence. 
How literally this is the case is well illustrated by chromium 
and manganese. Chromium has valances of two and six in 
perfect accord with its group requirements but being situated 
between two odd valence groups it is not unexpected to find it 
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showing a valence of three also. Manganese on the other hand 
has valances of three and seven in accordance with its group 
but dips into Group VI for a valence of two and six. It is, there- 
fore, not an inconsistency on the part of these two elements to 
show a mixture of odd and even valences; rather if they did not 
do it it would be inconsistent with their position. They are 
perfectly normal and behave in perfect accord with their po- 
sition. 

Daily use should be made of the periodic table shown in 
Figure V. The elements usually included in a year of high school 
study are enclosed in circles. This table alone gives a true 
perspective and the correct relationships between the elements. 
The writer has used it as a basis of study of first year chemistry 
for more than twenty years with uniformly good results. In 
this way first year chemistry becomes a unified and organized 
whole instead of “a jumble of disconnected facts and figures.”’ 


NOTABLE INVESTIGATIONS IN PHYSICS AT THE UNIVER- 
SITY OF CHICAGO 


Among the notable investigations in physies at the University of 
Chicago, aceording to the forthcoming University Record, is Professor 
Albert A. Michelson’s redetermination of the velocity of light. Because 
of the clearness of the air in California, Professor Michelson is making 
the actual measurements in the vicinity of Mount Wilson Observatory 
Light travels at a speed of 186,000 miles per second, and the difficulties 
of the experiment may be surmised when it is stated that the plan is to 
determine the comparatively short time taken by the light to travel over a 
measured distance of twenty miles and back to an accuracy of one part 
in three hundred thousand 

This is the second of the three great problems which Professor Michel- 
son has set himself in the last few years, the first, the measurement of 
the diameter of a star, a feat equivalent to the measurement of a penny 
at a distance of 1,000 miles, having been accomplished 

The third problem, the effect of the earth’s rotation on the velocity 
of light, which he is conducting in collaboration with Professor Henry 
G. Gale, is of great importance as a test of the ideas involved in the 
theory of relativity. 

The object of this experiment is to ascertain whether a beam of light, 
traveling in a closed circuit on the earth's surface, experiences a drag 
on account of the earth’s rotation. Two beams of light travel in opposite 
directions around a square a quarter of a mile on each side and meet again 
at their common source. On account of the earth’s rotation, one beam 
will travel a distance slightly greater than that traveled by the other 

The difference in the two mile paths amounts to only about one 
hundred-thousandth part of an inch; yet preliminary experiments on a 
small seale have justified the belief that it will be possible to measure this 
difference to the one five-millionth part of an inch, and preparations for 
the final experiments are now in progress 
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LABORATORY METHODS IN NATURAL SCIENCE TEACHING. I. 
Harry A. CUNNINGHAM, 
The University of Kansas. 

Does the individual experience of a pupil in laboratory work 
pay for the extra time and trouble, or will as good results be 
secured more economically from the lecture demonstration 
method, or will better results be achieved by individual labora- 
tory work under some conditions and by the lecture demon- 
stration method under other conditions? Thjs is one of the few 
problems in science pedagogy upon which we are getting some 
objective evidence. The writer began studying this problem 
in 1919, and completed the first study in 1920'. Since that 
time at least two other excellent studies have been published 
dealing with the same problem.* In the meantime, I have 
repeated the study a second time. In each study I took into 
consideration both immediate results and retention. 

In the present article, I shall deal with the groups selected 
for study; the experiments used in each case; the technique 
of giving the experiments; the methods of scoring; tabulating 
results; the presentation of immediate results; and the interpre- 
tation of these results. The presentation of results bearing 
upon retention; the comparison of these with the results ob- 
tained immediately after giving the experiments; the com- 
parison of the performance of the dull and bright pupils under 
the two methods; and the raising of some pertinent questions 
relative to the explanation of the results obtained in these 
two studies will be reserved for a second article. One of the 
first problems in each study was to get two groups that would 
be comparable from the standpoint of ability. 

In each case this was done by giving the Chicago Group 
Intelligence Test and by taking into consideration the school 
grades made by the students thus far in their high school course. 
In the first study it was possible to get the two classes prac- 
tically balanced. Because of conflicting programs, it was not 
possible to balance one class against the other in the second 
study so individuals in the two classes were paired off on the 

Cunningham, Harry A. Individual Laboratory Work Vs. Lecture Demonstration in 
High School Science, Master's Thesis, University of Chicago. (Unpublished) 1920 

Cunningham, Harry A. Individual Laboratory Work Vs. Lecture Demonstration, Uni- 
versity of Illinois Bulletin, 17:104-107, Dec. 6, 1920 

Kiebler, E. W. & Woody, C.—Individual Laboratory Work Versus Demonstration in 
leaching Physics, Journal of Educational Research, 7:50-58, Jan. 1923 

Cooprider, J. L.—Oral Vs. Written Instruction and Demonstration Vs. Individual Work 
in High School Science. School Science and Mathematics 22:838-844, Dec., 1922 


Cooprider, J. I Laboratory Methods in High School Science School Science and 
Mathematics 23:523-—530, June, 1923 
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basis of our findings in the Intelligence Test and school grades, 
so that we had a group of ten in one class balanced against a 
group of ten in the other and it is the results from these two 
groups that are considered in the second study. In each study 
the students were sophomores in high school botany. 

Our next problem was to find experiments that could be 
given either as individual laboratory work or as lecture demon- 
stration. Not all of the experiments used in these studies 
were of a botanical nature. Thirteen experiments were used 
in the first study and twelve in the second. Four experiments 
used in the first study were dropped from the list used in the 
second and three new experiments were introduced into the 
second study. The exercises might well be divided into three 
general classes: (1) those in which we are trying to clarify 
the child’s concepts and give him new concepts through obser- 
vation but in which no problem arises and no reasoning to 
conclusions is necessary; (2) those which give rise to a prob- 
lem the explanation of which depends upon knowledge which 
the pupil does not possess and which is furnished him; and 
(3) those exercises in which the student must not only observe 
but must reason to nis correct conclusions unaided. Mimeo- 
graphed directions were made for each study. 

Each study was given to one section as a lecture demon- 
stration and to the other as individual laboratory work. Thus, 
if class A did Experiment No. 1 as a lecture demonstration. 
it would do Experiment No. 2 as individual laboratory work. 
In individual laboratory work, the students were given the 
mimeographed directions and apparatus for the experiment. 
No further help was given. In lecture demonstration, the mimeo- 
graphed directions were followed verbatim by the instructor. 
This made certain that the teacher did not exert any more 
influence under one method than under the other. The same 
apparatus was used in demonstration except in some cases 
it was larger. In the experiment entitled ‘“‘Temperature Changes 
when Substances Dissolve’’ the students getting the work as a 
lecture demonstration were given the readings of a thermometer 
while the individual workers determined the change in tem- 
perature by feeling or temperature sense. Thus, except in the 
instance cited above, the method was the only thing that varied 
in the two studies. 

Each exercise, except those in which no reasoning was neces- 
sary, was written up under three heads: (1) “what was done’’; 
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(2) “‘what happened’; and (3) an “explanation of why it 
On ten exercises in the first study and eleven in 
the second, each student was timed from the time he began the 
exercise until his paper was ready to be handed to the instructor 
and the time, in minutes, required to complete the work was 
marked on every paper. 

In scoring, a list of all the different points made by all the 
students under the three divisions; “what was done,’ ‘“‘what 


happened.”’ 


happened,” and “‘why it happened,’ was made and each in- 
dividual student was scored in each of the three divisions and 
upon the experiment as a whole, on the basis of this list. These 
point scores were turned into per cent by dividing the points 
made in any division by the possible number of points that 
might have been made. For example, if, in any experiment, 
the total number of different points made by all the students 
in the “what was done” division was twelve; and any one 
individual student made six points, he made fifty per cent of 
the total number of points under that division. The total 
score on any experiment was originally figured in two ways. 
One total score was found by taking the sum of the points made 
ander the “what was done,” “what happened,” and “explana- 
tion of why it happened,” divisions and dividing this sum by 
the total number of possible points. The other total score was 
found by adding the score in per cent made under each these 
three divisions and dividing by three. This last method gives 
the scores under each of the three divisions equal weight in 
making up the final or total score. The relative results were 
approximately the same under the two methods of calculation. 
The results obtained by dividing the sum of the three scores 
in per cent by three will be used in this report to indicate the 
total score. 

Turning to a brief consideration of results, we may note, :n 
the first place the time taken by the two methods. In one 
exercise, “Temperature Changes when Substances Dissolve,” 
the individual workers made better time in each study. This 
was due to the different methods of making the observations 
in this exercise. In the second study the individual workers 
also made better time on the exercise entitled ‘Convection 
This is one of the tests that Dr. Otis Caldwell 
From the point of view of economy 


Currents.”’ 
used in the Gary Survey. 
of time, the results favor the lecture demonstration method. 
This advantage for the lecture demonstration method is not 
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so emphatic as some of the other studies of this problem in- 
dicate. In the first study an exercise was done in 12 minutes 
less time by the lecture demonstration method. In the second 
study this difference was reduced to 2.4 minutes. From these 
results, we may conclude that laboratory work may be done 
in less time by the lecture demonstration method but that this 
saving of time may not be enough to be of much consequence. 

Let us now summarize briefly the final scores as indicated in 
Tables I and II and by Graphs 1 and 2. In addition, I shall 
mention briefly some of the things that come from a more 
careful study of individual cases. 

Under the ‘‘what was done”’ division, we have the following 
conclusions. (1) The individual workers did not take very 
careful note of what was done in experiments whose methods 
of procedure were too common to draw their attention suffi- 
ciently to enable them to fix each step of the procedure in mind. 
This inference seems to be warranted by a study of the results 
under this division in the experiment testing for fats and oils. 
Two experiments immediately preceding this one were food 
tests and employed the same general type of procedure. In 
both studies the results of the test for Fats and Oils were very 
low for the individual workers. (2) In both studies, the lec- 
ture demonstration method gave very much better results 
for the experiment entitled, “Temperature Changes when 
Substances Dissolve.’ In this experinient, larger apparatus 
was used for the demonstration and the temperatures were 
taken with a thermometer. In individual work the changes 
in temperature were noted by holding the test tube in the 
hand. (3) In the first studv, the mean of the total scores 
for work done by the lecture demonstration was 5°; higher 
than for individual laboratory work. In the second study, 
Lecture demonstration was 7.2% higher. (4) On the whole, 
the immediate results were in favor of the lecture demonstra- 
tion method in this division. 

Under the “‘what happened”’ division, we note the following 
points. (1) Observation is the principal mental process em- 
ployed in this division. (2) If the exact results of an experi- 
ment are difficult to obtain, such as the color tests for food, 
the individual workers are likely to make a lower score because 
many of the students will not get the right results. (3) One 
experiment was included in each study in which our main object 
was to clarify the child’s concepts or give him new concepts 
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Table I. Summary of Results of First Study. Comparison of Scores 
under each Division, of Total Scores, and of Average Time. 


; What was What Explana- | 
Done Happened | tion | Totals | Time 
cog ee . av ih Menke aw | a, 6 be Pe ee ee eee 
Exer-| Score in % Score in % | Seore in % | Score in % | Time in 
| 


| minutes. 


| 
cise 


No. | Dem.; Ind Dem.| Ind. | Dem.}| Ind. | Dem.) Ind. | Dem.) Ind, 


1 97 78.5 | 95 87.2 | 40.3 | 32 77.4 | 65.9 | 32.2 | 65 
2 71.2 | 78.6 | 98.7 | 87.5 | 64.6 | 56.7 | 78.2 | 74.3 | 33.4 | 36.9 
3 | 88 64 100 94 49 61 | 79 | 7 21. | 28.2 
4 81.5 | 80 71.8 | 83.3 | 36.5 | 31.3 | 63.3 | 64.9 | 27.3 | 35.1 
5 86.4 | 85.4 | 90.9 | 66.7 | 44.4 | 26.9 | 73.9 | 59.7 | 44.2 | 59.3 
6 81.5 | 72.6 | 52.8 | 58.9 | 41.7 | 32.5 | 58.7 | 54.7 | 
7 |100 | 83.3 |100 | 95.8 | 58.9 | 51.4 | 86.3 | 76.8 | 39.3 | 27.8 
8 | 64.7 | 89.4 | 61.4 | 51.9 | 48.5 | 29.5 | 58.2 | 56.9 | 21.5 | 45.5 
9 90 89.2 1100 /|100 42.9 | 38.5 | 77.6 | 75.9 | 31.4 | 48 
10 | 98.5 | 98.3 |100 100 57.7 | 40.3 | 85.4 | 79.5 | 30.3 | 41.5 
11 84.6 | 70.8 | 38.5 | 36.7 | 28.2 | 19.4 | 50.4 | 42.3 
12 91.7 | 79 100 =|100 38.3 | 43 76.7 | 74 
Av. | 86+ / 81—/! 84+! 80+! 46—/! 38+)! 72 66+ | 31+ | 43 





Table II. Summary of Results of Second Study. Comparison of 
Seores under each Division, of Total Seores, and of Average Time. 


What was What Explana- ; 
Done Happened tion Totals Time 

Exer-| Seore in “% Seore in % | Seore in % | Seore in %{| Time in 
cise minutes 
No Dem.| Ind Dem.| Ind Dem.) Ind. | Dem.| Ind. | Dem.) Ind. 

I 94.6 | 83.8 | 63.6 | 67 18.5 | 23.3 | 58.9 | 58 24.2 | 42.8 

2 90.1 | 75.7 | 92.5 | 70 416 40 76.2 | 61.9 | 25.8 | 28.3 

3 96.3 57 98.3 91.6 41.2 31.1 78.6 59.9 21.3 31.6 

4 88.8 | 94.3 | 80.2 | 86.8 | 40 18 69.7 | 66.4 | 24.2 | 26.4 

5 81.2 | 73.3 | 90.1 | 90 36.7 | 35 69.4 | 66.1 | 48.6 | 49.7 

6 72.1 | 83 49.4 | 44.2 | 60.0 | 31.1 | 60.7 | 52.8 

7 87.5 | 50 55 70 26 42 56.2 | 54 29.9 | 21.0 

8 68.3 64 40.5 46.2 31.9 18.5 46.9 | 42.9 16.6 18.9 

9 60.3 | 80.7 | 77.5 | 66.7 9.4 | 18.9 | 49.1 | 55.4 | 11.3 | 17 
10 64.8 | 63.4 | 66.7 | 50 30.6 | 15 54.1 42.8 46 | 6.3 
11 71.6 | 71.4 | 48 42 11.4 | 28.5 | 43.7 | 47.3 | 23.5 | 12.3 
Av 79.6 72.4 69.3 65.9 32 27.4 60.3 55.2 | 23 25.4 


through observation but in which no problem arose and no 
reasoning to conclusions was necessary. The study of simple 
and compound leaves was used for this type of experiment 
in each study. The different types of simple and compound 
leaves were provided and attention was called to the charac- 
teristics of each type. The test was a written description of 
the characteristics of each type. The results of this experi- 
ment are not included in Tables I and II nor in Graphs I and 
Il but are given in Table ITI. 
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Table III 


Simple 


and Compound Leaves 













































































Mean Mean Time 
Score in Minutes 
Number of Study Dem Ind Dem Ind 
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From Table III we see that the individual laboratory method 
gave better results each time for this type of study. (4) From 
Tables I and II, we see that the mean totals give the lecture 
demonstration an advantage of 4% in the first study and 3.4% 
in the second study. 

In the “explanation” division, results from these two studies 
indicate the following. (1) All the results in this division were 
comparatively low; indicating that we are failing to give the 
proper training in scientific thinking. (2) As the complexity 
of the apparatus and the difficulty of the method of procedure 
increases, less and less valuable results are secured in the expla- 
nation through individual work. This may be true when high 
interest is exhibited in doing the experiment, indicating that 
the student’s interest is in the manipulation, which is a primary 
instinct, rather than in the problem. (3) The mean scores 
under this division give the lecture demonstration method an 
advantage of 8°; in the first study and 4.6% in the second 


study. 

In making a summary study of graphs Nos. | and 2, we observe 
the following facts: (1) the graphs representing the sum- 
maries of the two studies are very similar in form; (2) the 


results are low in each study for the “explanation division,”’ 
3) the difference in time was much reduced in the second 
study: (4) the general results are in favor of the lecture 
demonstration method. 

In conclusion let us keep in mind the following points. (1) 
The general results reported in this article do not always hold 
in individual cases. There is not space in this article to take 
up an extensive consideration of individual cases, but it is in 
the study of individual cases that most real value may be 
obtained from a study of this kind. (2) These data are based 
on performance immediately after the performance of the 
experiment. (3) It is not safe to make sweeping generaliza- 
tions as to best laboratory methods from these data. All we 
can say is that these are the results from these two studies. 

1) The following questions are raised for further considera- 
tion. Under which method will more be retained for a con- 
siderable length of time? Is the same method equally good for 
the bright and slow pupil? Just what are the real explanations 
underlying the results of these two studies? How should we 
proceed in the further study of this problem? In another article 
we shall take up these questions and present some data bearing 


upon them. 
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MATHEMATICS IN THE SENIOR HIGH SCHOOL. 
FisKE ALLEN, 
East Illinois Normal, Charleston, Ill. 

While the subject of this paper is the reorganization of the 
mathematics courses of the senior high school and my primary 
purpose is to make suggestions regarding those courses, I have 
found it necessary to devote the greater part of my time to the 
preceding courses of the elementary and junior high schools. 
For, the suggestions I shall make for changes in the courses of 
the senior high school are based upon the assumption that 
changes in the junior high school courses require them, or that 
principles which are effecting a re-organization of the junior 
high school course are equally applicable to that of the senior 
high school. It seems to me that both these conditions exist 
that there have already started sufficient changes in the course 
in grades ! to 9 inclusive to make radical changes of the course 
in grades 10 to 12 not only advisable but necessary; and that the 
same principles which have brought about the changes in the 
lower grades apply with equal force to the upper. What has 
been the trend of these changes in the elementary and juntor 
high school courses and what are the principles upon which they 
are based? 

In my judgment the most marked change, perhaps the one 
which has been the cause of most of the others. is the change 
from the logical to the psychological arrangement of subject- 
matter. To those of you who have been interested only in the 
teaching of college or of high school mathematics, this may 
seem a distinction without a difference. The logical arrange- 
ment seems necessarily the psychological one. How could one 
study fractions before factoring in algebra, or be taught calculus 
before trigonometry and analytics? All of which shows that the 
psychological organization, which has for the past thirty years 
been making over the mathematics course of the first six grades, 
has made little impression upon the courses of high schools and 
colleges. Forty years ago the arithmetic of the grades was 
arranged logically. In my first arithmetic lesson I learned that 
“arithmetic is the science of numbers,”’ that “a number is 
a unit or a collection of units,’ that “notation is the art of 
writing numbers and numeration the art of reading numbers.” 
Then I was taught to read and to write numbers from one to 
decillions. When we had finished notation we began addition, 
first defining addition, then learning the supposedly new fact 
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that 1 and 1 are 2. Thoroughness was the watchword. Each 
topic was thoroughly finished before the next was begun. In 
short, arithmetic was taught to children about as algebra, 
geometry, and calculus are now taught. 

The content of elementary arithmetic has been re-organized. 
To some it seems entirely without organization. If you ask me 
where, in our elementary training school, we teach common 
fractions, I must say that the pupil begins it before he enters 
school and continues it throughout. When does he learn divis- 
ion of fractions? Before he leaves the third grade he can tell 
how many half dollars there are in two and one-half dollars, 
though he will sometimes make a mistake in dividing 2% by 
14 in the eighth grade. And yet the work in division of fractions 
is not without organization. In the fifth grade the pupil organ- 
izes his experience in dividing fractions, reaches some generali- 
zations, and makes and practices the rule for dividing by a 
fraction. But then his work in division of fractions is just well 
begun. He must still have experience in using his rule under 
more and more complicated conditions and must have continued 
practice to develop mechanical skill in the process. And so, 
throughout the arithmetic course of the grades, the child begins 
with all those number experiences which he can connect with his 
past experiences, no matter what topic they come under. Before 
coming to school he has had experience in counting, adding, 
subtracting, and with fractions, rectangles, inches, pints. These 
experiences are repeated and enlarged. After the notions of 
addition, subtraction, etc., have developed through experience, 
the names are given. Names and symbols follow meanings and 
ideas. 

The arrangement of the arithmetic course, then, is based on 
this plan: First, an extended experience with concrete number 
situations of whatever sort the child can connect with his past 
experience, and with little regard to topical arrangement; second 
a use of the symbols connected with these number notions and 
processes; third, an organization of these notions and processes 
as topics; fourth, extended drill to mechanize the use of the 
symbols in the processes; fifth, a still more extended experience 
in problem solving requiring the use of the skill developed. 

About six years ago in the Training School of the Eastern 
Illinois State Teachers College we began an experiment in 
reorganizing the mathematics of the 7th, 8th, and 9th years on 
the basis just outlined. The 7th year’s work was to contain, 
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first, continued application of all processes and generalizations 
of the first six grades. That is, the pupil was to extend his 
knowledge of and skill in the processes with integers, with com- 
mon fractions, and with decimal fractions, though these topics 
had been finished in the fifth or sixth grades in the sense that 
the pupil had there learned to divide any two common fractions 
or any two decimal fractions. The 7th years work was to con- 
tain, second, an extension of his experience to new material 
which he could connect with the old. This new material might 
come from the field of algebra which the pupil had probably 
touched not at all, from the field of geometry which he had 
begun to experience as early as the first grade, or from parts of 
the arithmetic which he had been unable to assimilate earlier 
In selecting this new material the really important questions 
were, “Is it worth while?” and ‘“‘Can the pupil assimilate it?” 
Should the most elementary facts of geometry be taught in the 
7th grade? Yes, many of them, unless they have already been 
taught in the lower grades, in which case the experience that the 
child has should be built upon. In tenth year geometry we still 
teach a pupil that the area of a rectangle is the product of its 
base and altitude, though he was taught that fact just as well in 
the second or third grade. 

The 7th grade course should include, third, the general treat- 
ment of certain topics with which the pupils have already had 
considerable experience but have not organized or generalized. 
This would include percentage and certain of its applications, as, 
interest or profit and loss. And the 7th year’s work should in- 
clude, fourth, extended applications of the use of common and 
decimal fractions involving more complicated number relations 
than could be introduced when these topics were treated 
generally. 

We began our 7th grade work, then, with the solution of 
problems somewhat more complicated than those of the lower 
grades but involving no new notions or processes. The solution 
and classification of these problems led to certain generalizations. 
Many of them required the finding the area of a rectangle. The 
rule for finding the area of a rectangle was stated. The abbre- 
viated form A=ab was easily learned and its connection with 
the rule made by the pupil. Other rules were involved in other 
problems. These rules were stated by pupils and by them 
translated into formulas. The evolution of these formulas and 
their use in solving problems arose naturally while the class was 
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continuing the study of percentage, interest, and the problems 
arising in that study. And so the pupils had their first 
experiences with algebra. To them it was no more algebra than 
was the introduction of the per cent symbol when the new 
notion made the new symbol necessary. They had arrived at 
the notion of a general number, the base of any rectangle, and 
they needed a new symbol to represent it. The notion came 
before the symbol. Was that true of your notion of general 
number? It certainly was not of mine. 

Notions of the geometric figures and their relations are so 
much simpler than those of general number that the child begins 
them much earlier without teaching. With it he grasps them 
very readily, indeed, and it seems to me that many more of the 
geometric forms and facts than we now teach should be pre- 
sented before the 7th grade. We are extending our work in that 
direction, but 7x the 7th grade we found it possible to teach most 
of the forms and many of the facts of geometry on the topical 
plan. The whole of the 7th grade work, then, consisted of 
arithmetic, algebra, and geometry. The arithmetic consisted 
(1) of extension of problems and practice of topics completed in 
lower grades, and the completion of a few other topics. The 
algebra consisted of the incidental use of the formula and de- 
velopment of the notion of general number, with a minimum of 
topical treatment. The geometry consisted of an extension of 
the geometric notions and a topical treatment of the principal 
facts of geometry. 

At the beginning of the 8th grade we found that the pupil 
had had enough experience with the algebraic symbols to be 
ready for a_ simple topical treatment—that is, he was ready 
to make some generalizations and acquire skill in applying 
them. He had often added 2a and 3a without stopping to define 
the process. He was now ready to make a rule for this process 
and to learn to apply the rule mechanically. And so the simpler 
fundamental processes were developed topically and drilled. 
Then this new skill was used in solving problems, in measuring 
geometric figures, in a topical study of ratio and proportion 
and its application to similar figures. 

The work of the 9th year was continued on the same plan. 
The first half of the year’s work was a topical treatment of 
elementary algebra, easily grasped because preceded by enough 
experience in using the algebraic symbols to make them meaning- 
ful. Throughout this work in algebra were numerous problems 
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involving past principles and skill in arithmetic, applications 
involving both new and old facts of geometry and much material 
leading directly to the elementary facts of trigonometry. Alge- 
bra through quadratics was completed in the first half of the 9th 
year with as good mastery of the mechanics as we have usually 
secured by devoting the whole of the 9th year to algebra and a 
much better grasp of the meaning and use of the symbols. 

This gain of a half year in the 9th year algebra was made 
possible by the long exposure to the use of algebraic symbols 
throughout grades 7 and 8, and by the care taken to have the 
symbols mean something before they are used. Instead of 
telling the pupil that ab indicates that a is to be multiplied by b, 
then giving him expressions to be evaluated, and then concrete 
problems involving the processes, we first had the problem, to 
find the area of any rectangle. The pupil stated the rule in 
words, needed the symbols to abbreviate the rule, and needed 
to know how to indicate the multiplication of a by 6. In the 
9th year algebra which we wanted to begin with a topical treat- 
ment of signs of grouping, we first asked the class to bring in 
any number puzzles which they could find but could not ex- 
plain. Among those brought in we found the following: ‘“‘Take 
any number you wish; multiply it by 3; add 24; divide the result 
by three; subtract the original number. The result is 8.” 

By using » for the number chosen and indicating and then 
performing the operations required, the class readily saw how 
the result could be foretold, also the value of using the general 
number symbol. They immediately became interested in 
making such puzzles. Two samples of their work are as follows: 

1. “Take the number of the day of the month on which you 
were born; add 2; multiply by 5; subtract 10; mutliply by 10; 
add the number of the month in which you were born; subtract 
10; multiply by 10; multiply by 2; subtract 200; multiply by 5; 
add your age in years. Give me the result and I will tell you 
your age and the date of your birth.”’ The result is 10000a 
plus 1006 plus c; you are c years old. Your birthday comes on 
the ath day of the bth month. The indicated operations are 

[ u [(a+2)5—10]10+56—10 2 10.2—|—200/I 5+¢=10,000a 

+ 1006+ c. 

2. “Take the number 15; add the size of your shoe; add 10; 
multiply by 4; add 2; and give me the result. I can quickly 
tell the size of your shoe. 

To get the size of the shoe from the result subtract 102 and 
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divide by 4. You can see it by this equation easily. 
((15+2+10) . 4+2]—102) +4=2” 

While we see no use whatever in such number puzzles except 
the entertainment they afford, we feel that the pupil who can 
make and interpret such statements is putting meaning into 
the symbols he uses. And the ability to use the symbols of 
algebra intelligently gives a value to the study which mechanical 
skill with the symbols alone does not. We believe, too, that 
such an exercise requiring the use of signs of grouping to indi- 
cate processes which the pupil needs to indicate, robs these signs 
of their terrors. In the first exercise the boy needed more signs 
of grouping than he knew, so he invented them. That boy had 
no trouble to interpret those signs. 

The work of the second half of the 9th year was devoted almost 
entirely to demonstrative geometry. And here we violated 
several of the principles followed in the remainder of the course. 
In this half year little time was given to extending their 
knowledge and skill either in arithmetic or algebra. The course 
was built directly upon the experience with the notions and theo- 
rems of geometry learned in the 7th and 8th years. There was 
little reaching ahead into the elements of more advanced courses 
except trigonometry. In my mind demonstrative geometry is 
almost a thing apart from the other mathematics courses. 
Preceding it should be given an adequate experience with 
geometric notions and facts. Before the pupil begins the study 
of demonstrative geometry he should know the meaning of 
perpendicular, parallelogram, vertical angles, isosceles triangle, 
ete. He should also know that the diagonals of a parallelogram 
bisect each other, and most of the other theorems of geometry. 
The only new difficulty he should have to face is the proving 
of these facts which he has already tested in constructions and 
in other ways. By our plan the geometry of the 7th and 8th 
years has provided this foundation. We have also found it 
desirable to remove from the demonstrative geometry most of 

the so-called applied problems. Most of the applied problems 
of geometry we have given in the intuitive geometry of grades 
7 and 8, in which the primary purpose is to learn the theorems 
and apply them. The purpose of this 9th year course is to teach 
pupils to prove theorems. The application of theorems to life’s 
problems may increase the pupil’s interest in those problems, 
but it has never seemed to me to increase his interest in proving 
the theorems. Almost the reverse is true. The pupil who has 
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felt the glow that comes from success in proving an original 
wants another original, not an applied problem. And the pupil 
who most enjoys the applied problems turns with regret to 
proofs which must be learned. This course in demonstrative 
geometry seems to me the one course in mathematics which 
must stand almost detached for a short period from the rest of 
mathematics. 

Having given so large a part of the applied problems of 
geometry in grades 7 and 8 we found the time required for 
demonstrative geometry materially reduced. Our syllabus of 
theorems included all the fundamental theorems for which 
direct proofs are possible. We omitted the proofs of theorems 
involving inequalities and indirect methods of proof. The 
number of such theorems is small, too small to give a mastery 
of these methods of proof. We emphasized the analysis of 
theorems and, in a sense, made every theorem an original even 
when the complete proof was given immediately after the 
analysis. By the end of the 9th year we found the class to have as 
complete a mastery of direct demonstration of theorems in 
plane geometry as we formerly secured at the end of the 10th 
year. They have not proved as many theorems, nor have they 
learned as many methods of proof, but they have proved the 
more fundamental theorems and have mastered, rather than 
memorized proofs. 

During the five or six years that we have been experimenting 
with the re-organization of the course for the 7th, 8th, and 9th 
years, a committee appointed by the Mathematical Association 
of America was at work upon the problem of reorganizing the 
mathematics courses of both the junior and senior high schools 
The report of this committee, recently issued, recommends five | 
plans for the organization of the junior high school course, all 
of which are distinct departures from the present course. In 
all of the five plans which they recommend, some arithmetic, 
algebra, geometry and trigonometry are recommended for 
grades 7, 8, and 9. The plans differ in the order of arrange- 
ment of these subjects, and also differ somewhat in the amount 
and kind of geometry offered. The five plans are as follows 
Plan A. 


First year: Applications of arithmetic; intuitive geometry 
Second year: Algebra; applied arithmetic. 
Third year: Algebra, trigonometry; demonstrative geometry 
Plan B. 
First year: Same as A 
Second year: Algebra, intuitive geometry; trigonometry. 
Third year: Applied arithmetic; algebra; trigonometry; demon- 


strative geometry 
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Plan C, 
First year \pplied arithmetic; intuitive geometry; algebra. 
Second year: Algebra; intuitive geometry. 
Third year: Trigonometry; demonstrative geometry; applied arith- 
metic. 
Plan D. 
First year: Applied arithmetic; intuitive geometry 
Second year: Intuitive geometry; algebra. 
Third year Algebra; trigonometry; applied arithmetic. 
Plan E. 
First year: Intuitive geometry; simple formulas; elementary prin- 
ciples of arithmetic. 
Second year Intuitive geometry; algebra; arithmetic. 


Third year: Geometry; numerical trigonometry; arithmetic. 


All of these plans provide for extended applications of arith- 
metic, an early introduction to algebra followed by the topical 
treatment, drill, and application; intuitive geometry; and the 
elements of trigonometry with applications. In three of the five 
plans demonstrative geometry is definitely recommended. 
In the fifth plan intuitive geometry is recommended for the 
Sth yeac and “geometry” for the 9th without specifying whether 
demonstrative or intuitive geometry is meant. Since the recom- 
mendations of the committee evidently indicate that demon- 
strative geometry is a possible and desirable part of the ‘work 
of the 9th year, I shall base my suggestions for the work of the 
senior high school upon the assumption that the pupil has secured 
a fair mastery of the direct method of proving a theorem in 
geometry and can apply it to about fifty fundamental theorems 
as a minimum. And I shall assume a knowledge of the usual 
topics in algebra through quadratic equations, with less skill, 
perhaps, in some of the mechanical processes, but with more 
insight into the meaning and use of the symbols he uses. Based 
on such a course in mathematics for.the junior high school as 
that suggested in Plan A of the committee, what shal! be the 
course for the senior high school? 

In my judgment the topical core of the 10th year’s work 
should in the first half-year, be demonstrative geometry and, 
in the second half-year, a more completely organized algebra. 
The geometry of the first half-year should include theorems 
from both plane and solid geometry and the basis of organiza- 
tion should be the method of proof. In the 9th year the pupil 
has used only direct proofs and he has omitted some of the more 
difficult theorems which can be proved directly. He has proved 
no theorems of solid geometry. I see little reason for having 
kept the fields of plane and solid geometry so separate even 
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in the 9th year, and none at all for continuing to separate them 
in the 10th year. I would, then, begin the tenth year by extend- 
ing the pupil’s experience with the geometric solids, giving 
further training in visualization and in drawing the solids and 
planes in space. This I would follow by the simpler theorems 
of solid geometry which are proved directly. This would be 
followed by teaching the indirect method of proof, applying it 
to the theorems of both plane and solid geometry. By thus 
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grouping the theorems requiring a particular method of proof, 
enough practice with that method can be given to make it 
stick. I think that most of us will agree that the principal 
difficulty in teaching the indirect proof has been that the pupil 
used it in theorems so scattered that the method never got 
fixed. This was certainly my trouble in attempting to teach the 
theorems involving variables and limits. I would now group 
those theorems, both those of plane and of solid geometry, and 
give them toward the close of the tenth year course. 

While this course in demonstrative plane and solid geometry 
would constitute the core of the work of the first half of the tenth 
year, I would not lose sight of the other two phases; namely, 
the reaching back into all the past courses in mathematics and 
the reaching forward for a glimpse into the courses of the follow- 
ing years. There should be numerous problems applying 
arithmetic to plane and solid geometry. The problems should 
involve the use of both common and decimal fractions, pet 
cents would not be uncommon, and problems connecting solid 
geometry and business arithmetic seem both desirable and 
possible. The pupil’s use of algebra would be called into play 
- and his knowledge of algebra extended by geometric construc- 
¢ tion and interpretation of algebraic results. Representing lines | 
by a and b, the pupil should be taught to construct a plus ), 
a minus b, ab, ab—b+vVac, etc. He will also be taught to 
attack algebraically such problems as the dividing a line in 
extreme and mean ratio, will see that this involves the equation 





a M . 
-= or x2+az—a?=0, which he solves and finds that z 
Zz gG=—-Z 
~<a avd , ’ 
a When he constructs these solutions he disecvers the 
: method of construction given to him in most geometry tests. 


This demonstration he has usually memorized and often under- 
stood, but has seldom if ever had any part in discovering. All 
of us know the numerous exercises involving a use of algebra in 
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solving problems of both plane and solid geometry, but these 
have generally been omitted, for lack of time, either by the 
textbook makers or by the teachers. We have been teaching 
two,or three theorems involving algebra in plane geometry, 
namely, ““The square of the side of a triangle opposite an acute 
angle,’’ etc. and the pupils have found them so difficult that 
they are often omitted. Why? Because the pupils have had 
algebra, have recovered (most of them), and are immune. If 
we were making use of algebra almost continuously in more and 
simpler exercises, these theorems would not be difficult. 

Besides reaching back into the pupil’s past course in mathe- 
matics and applying his arithmetic and algebra to geometry, we 
should reach forward, certainly into trigonometry, and possibly 
take a look toward analytics and calculus. During his junior 
high school course in connection with the theorems about similar 
triangles and the application of those theorems, the pupil learned 
the meaning of the trigonometric functions and how to use them 
in solving right triangles and in many applied problems. In 
the plane and solid geometry of the tenth year in connection 
with the regular polygons and elsewhere, he may be given many 
problems involving the use of trigonometry. And he can also 
prove many of the laws of trigonometry. It has always seemed 
to me rather foolish to have a year intervene between ‘The 
square of a side of a triangle opposite an acute angle, etc.,”’ and 
the law of cosines. 

The core of the work for the second half of the 10th year 
should be, in my judgment, a systematic, logically organized 
course in algebra. And it should have, as one of its primary 
purposes, the development of sufficient skill in algebraic pro- 
cesses to meet the needs of trigonometry and the elements of 
analytics and calculus. I would have this course begin at the 
beginning of algebra, not as if the pupil had had no previous 
knowledge of algebra, but as if he now had sufficient experience 
with it to need organization and transformation into skill. 
The course would be substantially the one now generally given 
in the llth year as the third half-year’s work in algebra. I 
would change this course only by having it reach back into 
arithmetic and geometry and forward into trigonometry and 
analytics. The problems given would revive the pupil’s skill 
with both decimal and common fractions. Not all the equations 
solved would have small integral roots, simply checked. More 
problems connecting algebra and geometry would be used, this 
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time for the purpose of developing skill in algebra. To increase 
the pupil’s skill in the transformation of equalities, the proof 
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of many trigonometric identities would be used. Many of the 
elementary facts of analytic geometry would be introduced by 
extending a little the graphic algebra usually given. 

The remainder of the senior high school course is—in my 


— 


mind—only in outline which becomes more and more hazy 
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for each half-year. I have only a few fairly definite suggestions 
for the work of the 11th and 12th years. The core of the work 
for the first half of the 11th year would be trigonometry. This 
would be built upon a considerable experience with the trig- 
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onometric functions from the 9th grade on. This longer ex- 
posure to the notions of trigonometry should make it possible 
‘¢ to take up more difficult problems than are usually given in 
fF high school trigonometry. It seems to me desirable to teach 
the elementary notions of mechanics and to use trigonometry 
and the elementary notions of the calculus in their solution 
of In the last half of the 11th vear I am inclined toward making 
the elements of analytics the core of the work. The 12th veal 
I would divide between a more extended course in algebra and 
an elementary course in calculus 

In our experimental work with these courses our main pur- 
pose is their re-organization on what seems to us the psycho- 
logical basis. To me this does not mean “‘mixed mathematics”’ 
in the sense of breaking down all lines between the subjects 
and topics. At any given time the teacher and pupils will 
know that a certain topic of algebra, or geometry, or trigonom- 
etry constitutes the core of the work; but this will not prevent 
introducing the notion of the trigonometric functions when 
studying the geometry of similar triangles, the use of the formula / 
in percentage, and of per cents in trigonometry. The primary 
purpose of the reorganization is to maintain the abilities de- 
veloped in previous courses and to give early the elementary 
notions and problems of courses to be developed logically later. 


PENNSYLVANIA STATE COLLEGE ACTIVE IN 
REFORESTATION 

The forestr’ extension depart ment of the Pennsylvania State College 
will plant about 34 new demonstration areas this year, according to 
present plans. The work of reforestation or improving timberlands has 
already been carried into half the counties of the State. At 33 points on 
well-traveled public highways the college has established demonstration 
areas, so that the public may become acquainted with the results and 
possibilities of forestation work 










































SCIENCE CLUB 


THE ORGANIZATION OF A SCIENCE CLUB'. 
RAYMOND LUSSENHOP, PRESIDENT 1922. 
Bowen High School, Chicago, Ill. 
The remarkable success of the Bowen Bird Boosters cannot 
be accounted for by the location of Bowen High School in the 
great Calumet district, where the students are accustomed to 





see smoke stacks instead of trees. To find the reasons for suc- 
cess, then, we must inspect the organization, the activities, La 
and the policies of this science club. ‘9 

Science teaches us accuracy, conciseness, and clearness. Why 
should its clubs not follow this trend? The purposes of this 
club are very plainly defined in the constitution, which states: 
“The objects for which this club is formed are: (1) to study 
birds; (2) to protect the birds; (3) to attract birds around our 
school, in our parks, and about our homes; (4) to subscribe for 
current bird literature and to support the Audubon Society 
both financially and with our influence.” 

“The officers of the club shall consist of a president, a vice- 
president, a secretary, and a treasurer.’’ By an unwritten law, 
the president and treasurer are always boys; the vice-president 
and secretary are always girls. These officers are elected 
every spring. They must be members of the Zoology classes 
of that year and must be sophomores. The officers cannot be 
re-elected. This prevents a small group from getting and 
keeping control, a deadly mistake in any organization. 

The membership is limited to those students who have taken 
or are taking bird study in the Zoology classes. At present 
the membership is 275. At the end of each year, all old mem- 
bers are dropped unless they retain their membership by the 
payment of their dues. For the first year the dues are 35 cents; 
for each year after the first, Juniors: 10 cents; Seniors: 5 cents. 
Seniors and Juniors taking Zoology are eligible for membership 
but not for holding office. Faculty members may be admitted 
to membership only on the recommendation of a student mem- 
ber of the club. The discussion and the vote on this prospective 
member must be held in secret, no member of the faculty re- 
maining in the room while the students discuss or vote on such 
a motion. Faculty membership is only honorary, as the voting 
privilege is withheld. We have 13 at present. 

Of course, the most important activities of such clubs are 
their meetings. During the fall term, the Bowen Bird Boosters 
hold their meetings once a month, during the spring term, once 
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every two weeks. The programs for these meetings are always 
posted a week in advance and are centered around a certain 
topic. For instance, a program will be centered around pigeons, 
or bird pests and their control; our game birds; migration, etc. 
At least two musical numbers are rendered but such numbers 
are always kept from being the most prominent part of the 
program. Every student taking part in the program must be 
a member of the club. This rule is inflexible. 

Regular meetings are never allowed to become social gather- 
ings; but an annual picnic held once every spring in some forest 
preserve, which can be reached by truck, is especially for fun. 
Our largest social affair, a fine program and dance, was given 
on our tenth anniversary. Even at this affair, attended by 
about 400 members, many belonging ten years back, the pro- 
gram was entirely a student affair. The constitution does 
permit prominent men who are interested in birds to appear on 
programs, as game wardens, museum workers, etc., men who are 
able to give interesting talks. 

The policy kept in mind concerning programs is: (1) a program 
should never fail. If the program is made a farce, if the dignity 
of the occasion is forgotten for one moment, the program is a 
failure. It may amuse, it may even instruct, but its negative 
result is very serious, for each time a program falls through 
more students will lose interest and the club loyalty will lag; 
(2) all students scheduled for appearance must be present at 
the meeting and no excuses excepting those of sickness are 
accepted. In ten years we have had but two failures to appea 
(3) to give real information. In order to obtain the best re- 
sults, all reports are prepared under the guidance of the faculty 
adviser. Students in the first two years of high school have 
not, as a rule, had much training in outlining material. The 
faculty adviser sees that each student understands clearly his 
subject and that he knows which points are most important 
In this way, the students gain confidence and can appear before 
the club with poise and dignity. Another activity which deals 
directly with bird study is that of the bird identification lists 
Three records are kept, the individual, the class, and the club. 
The individual record is kept by the student, on which he re- 
cords all the birds he identifies on his bird hikes, or that he sees, 
on his way to school. Spaces on these lists must be filled out 
as to the date, the bird’s name, whether single or in flocks. 


1From Illinois State Academy of Science, Transactions Vol 
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place where seen, and what the bird is doing. The faculty 
adviser checks these lists from time to time, and corrects any 
mistakes. The class list is posted on a bulletin board and if 
a student has identified ten birds, a red star is placed after 
his name; if 25, a silver star; if 50, a gold; if 100, a blue bird. 
This arouses enthusiasm in each class. On the third record, 
which is furnished by the Illinois Audubon Society, the bird 
names are already printed with blank spaces in which the name 
and date of the first observer may be written. This arouses 
the keenest competition. These lists are of the most practical 
value in making the students familiar with our more common 
birds. For this work, the Reed bird guides are indispensible. 

After careful analysis and consultation with some of our 
student members, I have come to the conclusion that the key- 
stone of success of such a club does not rest so much in the or- 
ganization nor activities but in the wisdom of the relation of 
the faculty adviser and the faculty members to the students. 
In the first contact that students have with our club adviser 
the policy is clearly shown. When the incoming members begin 
their election campaign, no hints or suggestions are thrown 
out about who would make good officers, so that the students 
would feel almost forced to elect the adviser’s choice. Such a 
choice is left entirely to the students. Moreover, the faculty ad- 
viser promises to work cheerfully with their choice no matter if 
she does not approve entirely of the student put into the position. 
No requirement in the way of scholarship is demanded; just 
good, all-around fellows the students admire. And in the ten 
vears, not a set of officers has failed. The students know who 
is who, and no year is going to see its officers disgrace the Bowen 
Bird Boosters. It is an honor to be elected to office and every 
fellow is determined to do his best if given that honor by fellow 
students. 

The merits of the many forms of student government are still 
under discussion. It is plainly a fact, however, that when 
students are told that a club is theirs and theirs alone, they want 
that club to be the student’s in fact and not only in theory. 
The wise faculty adviser must always remember that she is an 
adviser and not a president of that club. The officers should be 
confident of the teacher’s ability and support. They should 
regard her as a friend when in office and as a teacher in the class 
room, relations which are very different. When high school 
students want their student organizations to be managed by 
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students, many teachers seem to misunderstand. Students do 
not want the faculty advisers to sit back and say, “All right, 
if you want to run your own organization we will have nothing 
to do with your affairs.’"” Students simply mean that they want 
co-operation on both sides. The faculty adviser should look 
after affairs as to preparation and advice and the students 
should carry such affairs out in their own ways and methods 
Teach principles, and let the students apply them. 

If science teachers really wish to humanize and make science 
work more practical, what better means could be found than 
a science club? But it takes time; in the case of the Bowen 
i Bird Boosters it has taken ten years to build up a set of policies 
and principles making co-operation secure. If the faculty 
advisers wish to manage the business, if they wish to appear on 
programs, and if they desire to be conspicuous for their work, 
they cannot make students believe it is a student’s club. The 
adviser’s praise must be the club’s growth in strength and in 
fluence. If the adviser disregards personal prejudices and 
treats students as equals in the same club, and if the club is 
founded and run on principles of student democracy, success is 
bound to result. 

Not a great deal of business is necessary in such an organiza- 
tion, but that which is, must be handled in a business-like way 
Our secretary's hook contains the record of every meeting and 
event, for the entire ten years. The treasurer’s book, and the 
, accounts for the same, are audited twice a year by the president 

and faculty adviser. These are open at any time for the in- 

spection of the members. Develop some traditions to bind the 
© successive years together. We have a standard pin; each yea 
subscribes for the magazine “Bird Lore” for the next year; 
each year leaves a present for the laboratory. The ten years 
have built up a bird-bath fund of $75.00. This bath designed 
by a former president will be cast this summer and placed in 


our school yard. 


PRESENCE OF LIVING ORGANISMS IN LAKE ICE'. 
SAMUEL Eppy, 
James Miliken University. 
The object of these experiments and observations was to 
determine what forms of life were existing in the ice of Lake 
Decatur. Lake Decatur is an artificial lake seven miles long 


‘From Illinois State Acaden f Science Transaction, Vol. 17 
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and one-half mile wide, created by damning the Sangamon 
river. The depth of the water varied from a few inches to forty 
feet. The periods at which the materials were collected were 
during zero weather when the lake was entirely frozen over. 
The thickness of the ice ranged from eight to twelve inches. 

On January 7, two samples of ice and two samples of water 
from below the ice were collected. The ice was taken from the 
surface near the shore and from the center. Each sample was 
immediately placed in sterilized bottles containing sterilized 
hay infusion and plugged with cotton. The samples of water, 
at a temperature of one-half degree Centigrade, were taken 
from the holes from which the ice was cut. The samples were 
placed in similar bottles and under the same conditions. A 
sample of mud from near the shore was also treated in the same 
manner. In the cultures from the ice and hay infusions, obser- 
vations were made January 23, January 28, and February 6. 
On all these dates various bacteria were common. The only 
other form of life observed was Chlamydomonas which was 
present in small numbers on January 23, but multiplied rapidly 
enough to be common on the other observation dates. In the 
cultures from the hay infusion, and lake water or mud examined 
under the same conditions on the same days, Chlamydomonas, 
Urosomas, Chilomonas, Coleps, Pleuronema, Stilonichia and 
many others unidentified protozoa were observed. 

On January 25, two samples of ice, four of water and two of 
mud were collected and treated the same as those collected 
January 7. Nutrient agar was substituted for the hay infusion. 
Observations were made January 31 and February 7. The 
results were practically the same. Chlamydomonas and bac- 
teria were the only forms of life in the ice cultures. Chlamy- 
domonas, Leucophrys, Paramecium, Ameba, and other protozoa 
were common in the water and mud cultures. 

On February 22, four samples of ice, and two of water were 
collected and treated the same as before. Three cultures of 
sterilized lake water and nutrient agar were made at the same 
time and subjected to the same conditions in order to determine 
if infection from the air could account for any of the resulting 
forms. Observations on all these cultures were made February 
27 and March 4. In the ice cultures, Chlamydomonas and 
bacteria appeared. In the water cultures, Chlamydomonas, 
Pleuromonas, Ameba, and other protozoa were common. In 
the sterilized lake water culture used as an additional check, 
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no forms of life were present, indicating that the probability of 
the origin of any of these forms from the atmosphere was slight. 

On February 7, four cultures of Chlamydomonas containing 
also Paramecium, were frozen from twelve to twenty-four hours 
and then thawed. The cultures were kept isolated and observed 
February 14. The only forms observed after thawing were 
Chlamydomonas and bacteria. These organisms were present 
in all four cultures. The Paramecium which were common 
before freezing never appeared after freezing and thawing. 

In the eight samples of ice collected from Lake Decatur at 
three different dates, bacteria and Chlamydomonas seemed the 
only forms present. From the water just under the ice, many 
different protozoa were obtained. In all the cultures, except 
those of sterilized lake water, bacteria were observed, but were 
not regarded as of much significance as they easily withstand 
freezing and thawing. It seems that Chlamydomonas is the 
only form of protozoa in Lake Decatur able to survive freezing 


and thawing. 


EYE SIGHT CONSERVATION. 


} 


Over half the workers in the United States engaged in building our 
motor cars lack normal vision, investigations by the Eve Sight Con 
servation Council of America reveal. Similar conditions, it is asserted 
exist among millions employed in other enterprises 

Tests carried out by the Buick Motor Company at its plant in Flint 
Mich., in co-operation with the Couneil, show, as reported by R. I 
Thalner, the Safety Director of the Personal Service Department of th 
Company, that 56 per cent of the company’s new employes have defective 
eyesight, the eves of all having been examined when application ror 
employment was made 

Working with the Council in its nationwide campaign of eye conserva- 
tion, the Buick Company is testing the evesight of each applicant lor 
work, the results being recorded daily on the personal record cards of 


employes, who at this time total 24,451 

The situation at the Buick plant, following similar revelations at the 
Ford works in Detroit, and at other large industrial establishments 
provide ample evidence that neglect by industry of the eyes of workers 
continues widespread according to the Council, which, in its report, 
just issued, says: 

‘The results of eyesight tests of the 3,513 applicants for employment 
with the Buick Company may be considered as a representative standard 
of measurement not only for the entire automobile industry but for the 
millions of persons engaged in other industrial pursuits in the United 


States. The persons examined at the Flint plant came from many 
different types of occupations seeking employment in the great variety 
of jobs to be had in a large plant manufacturing a highly complicated 


product.”’ 
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The complete figures on the Buick Company's tests for four months 
show that only 194 or 5.5 per cent of this group of 3,513 had their vision 
corrected while 1,970 or 56.1 per cent were in need of correction. During 
the first month eye tests were made of 1,566 applicants for employment 
which revealed 56.8 per cent with defective vision. Of 892 applicants 
during the second month, the defective pereentage was 56.9; of 188 during 
the third month, the pereentage was 55.3, and of 767 during the fourth 
month, it was 54. The average for the four months disclosed that 56.1 
per cent of the 3,513 applicants had poor eyesight. 

‘New employes of the Buick Company who have eye defects of a 
sufficient degree to handicap them are assisted in having their defective 
vision corrected. The company is looking after the eyes of its employes 
in other ways also. The Safety Department is carrying on a well organized 
accident prevention campaign. Definite regulations governing eye pro- 
tection are embodied in safety rules which apply to the wearing of goggles. 
The management supplies goggles to workers occupying jobs which afford 
the slightest likelihood of eve injury 

‘The number of eye aecidents has been greatly reduced sinee 1921, 
when the goggle campaign was started. In 1920, thirteen persons were 
blinded in one eye; this number had been steadily reduced to five in 1921; 
to three in 1922, and to three in 1923. Provision is now made for placing 
in non-hazardous jobs those disabled through eye injuries.” 

Lighting is an essential factor of the Buick system of conservation, 
ninety-five per cent of the- work in the plant being done by artificial 
illumination. Measurements are made in the various departments to 
determine whether the proper amount and distribution of light is provided. 

Elaborate provision 1s made for the maintenance of the lighting system. 
Painting the ceiling and the upper part of the side walls white is an 
effective aid. These and kindred devices contribute vitally to the end 
sought. 

The result of this system of prevention, it is said in the report of the 
Council, is increased production, ‘‘due to many incidental factors such as 
fewer accidents, less waste and spoilage of material, improved quality 
of workmanship and greater individual comfort and efficiency.” 

‘*The records,”’ the Eye Sight Conservation Council's report discloses, 
‘“‘eover the examination of the eyes of 204,817 employes. It is regrettable 
that there are net more than 100 or 150 companies in the United States 
employing upwards of 1,000 persons which consider it essential to test 
the eyes of applicants for employment. Still fewer companies carry on 
this activity periodically for permanent employes.” 

The Council recently completed a national survey of conditions affeet- 
ing the eyesight of industrial workers and school children, the findings 
being embodied in a report now being prepared for publication 

“The completion of this undertaking,” the Couneil’s report concludes, 
‘has been made possible by the splendid co-operation of the many 
industrial executives, school authorities and state officials who have 
generously supplied information and who have in this way given assist- 
ance in promoting a wider knowledge of the importance of eye hygiene 
and eare of the eyes.” 


ERRATUM On page 668 of the June issue of this journal, the book 
review on ‘“‘Eeconomies,”’ second line, the word “contrite” should read 


“eonerete.”’ 
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CATCHING THE RABBIT IN OUR HIGH SCHOOL 
SCIENCE WORK. 
By GrorGEe N. THurRsTON, 
Demonstration School of Ohio Wesleyan University, 
Kilbourne, Ohio. 

In a recent issue of the Science News-Letter, Dr. Slosson calls 
attention to the analogy between the procedure of the scientist 
and the old recipe which began “First catch your hare and 
then cut it in pieces.’’ Dr. Slosson says the scientist ‘First 
catches the fact and then takes it apart.” 

With our eyes wide open to the dangers of following an 
analogy too far let us abandon ourselves to the pursuit for a 
little while and see if we can not bag some game for the teache 
of high school science. 

A recipe which begins with such specific details doubtless 
continues its careful instructions throughout. We wish we 
had a copy to enlighten our ignorance of the rest of the process 
Of course there must be many ingredients besides the hare, 
and there must be a variety of conditions to be met. There 
must be seasoning and, there must be a proper cooking tem- 
perature, and this temperature must be maintained for a certain 
length of time before a product worthy of the gastronomic 
hardihood of those who eat such preparations could be achieved 

There were thus three stages at least,—catching, cutting, 
and cooking and there are some who say that there was a fourth 
stage, a pathological stage, especially for those with low D. Q.’s., 
(Digestive Quotients). 

Now all scientists will admit that there is a third stage to 
scientific work. After the fact is caught and taken apart there 
is much concocting and cooking to be done,—much relationing 
of the facts and arranging the parts in their proper sequence 
For it is a well known fact that from the time of Galileo to that 
of Einstein, from Archimedes to Steinmetz, from the inventor 
of the ox-cart to Henry Ford, facts have bobbed up before the 
scientist’s guns without any regard for logical order. And 
then sometimes facts have been carved so crudely that it has 
even been necessary to put them back together and carve them 
over before they would fit the casserole. And there are facts 
which can not be carved at all. ' 

For the sake of brevity, as well as for the sake of the con 
sciences of us high school teachers, let us refrain from discussing 
the fourth stage. 

















SCIENCE WORK 
Now the question is, what stage or stages of science are we 
dealing with in the high school. Is the young scientist a catcher, 
a carver, or a cooker? There is much evidence to show that he is 
first of all a ‘‘catcher,” if we but give him a chance. He is out 
gunning for facts, for facts of experience. ‘‘What can I do with 
this?”” ‘What will this do?’’, “How does it work?’’, or “What 
can I make out of this?’’, are the questions uppermost in his 
mind. Questions like these are at the foundation of such thriv- 
ing business enterprises as the manufacture of engineering toys, 
chemical sets, amateur radio outfifS’ and scout paraphernalia. 
How much of the development of amateur radio is due to our 
science teaching in the high school? No., we can’t claim much 
of the honor; they know most of the hookups before they reach 
our classes don’t they? And they may never have heard. of 
Maxwell or Hertz or know that there are electrons in their 
vacuum tubes. How do they do it? Why they went out gun- 
ning for facts, for experiences. Some of them they took apart, 
some of them they may have cooked, but for the most part 
they ate them raw. Yes, we may shudder at the process, we 
logically minded teachers, but we will have to admit that 
amateur radid developed to greater proportions in the hands 
of the boys and the engineers, than it would have done if we 
had been the middlemen dispensing the information in its 
beautifully logical sequence. 

This is on the same principle that children can play “ring 
round the rosy”’ or “‘fox and geese’ without knowing the ratio 
of the diameter of the circle to the circumference. 

In pleading that our high school pupils may be given the 
opportunity of getting experiences in a wide field without over 
attention to the refinements of modern theory and method, 
or, to stick to our figure, without being required to do a maxi- 
mum of cooking with a minimum of supplies in their larder, 
let us note that great scientists do not always take their facts 
apart and assign them to their proper dish immediately. Facts 
will keep fairly well. They are preserved more by enthusiasm 
than by refrigeration. Consider Michael Faraday. He was 
elated one time in a lecture by seeing that the magnetic needle 
was deflected by a current in the wire he was manipulating. 
Now he did not take that fact apart right away; at least not 
during that “laboratory period,’ as most of our students are 
expected to do, for we have a record of Gladstone’s questioning 
later, “What of it Mr. Faraday, if the needle does move, of 
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what use is it?’”’. And poor, stupid Michael did not know, for 
he had to retort, “O well, some day you may be able to tax it 
Mr. Gladstone.”” Now they say it took Michael Faraday ten 
days to make out of this what we have cooked up for our students 
to devour in one laboratory period. Priestly discovered ‘‘de- 
phlogisticated air,’ and many facts concerning its behaviour; 
but he failed utterly to take these facts apart properly although 
Father Time spared his life for thirty years. Did his misinter- 
pretation prevent him from enjoying the experiences, or detract 
from the value of the facts to Lavoisier or from the honor we 
give Priestly? 

There is pleasure in hunting for facts just as there is pleasure 
in hunting rabbits. But there can be conditions which take 
the joy out of anything. Let us imagine this sort of procedure: 
A tutor takes his pupil out rabbit hunting. The region is alive 
with the little animals but the boy has never hunted before. 
Soon the tutor cautions the boy, ‘‘You just wait here a moment. 
son. Right ahead there is a rabbit that I have caught before 
I have tied his tail to a stump and now standing at a little dis- 
tance I will hold his head to the ground with this forked stick 
while you shoot.’ Wouldn’t that be interesting sport! And 
then if the lad had to make a drawing of the arrangement, 
map the location, record the weight of the rabbit and the length 
of its ears in a notebook, how soon would little Algernon become 
a Daniel Boone? 

Do you not see the analogy of this in the type of laboratory 
experiment we set before our pupils today? Pick up a manual 
and look. Are these not typical questions? ‘‘What is left in 
the test tube after the coal is heated? What are the uses of 
Coke?”’ ‘Multiply the numbers in Column H by the corre- 
sponding numbers in column K. Put the products in Column L. 
What do you discover?’’ Or this ‘‘Fasten a piece of charcoal 
to the end of a piece of picture wire. Heat the charcoal till it 
glows and then quickly thrust the wire into a bottle of the gas. 
Why does the tron burn so brilliantly?” This is a little better 
than another manual which says, “You will be surprised to se¢ 
the tron burn brilliantly.’ What a surprise party! 

It is not necessary for us to lead our scientific facts and tie 
them down by all four feet. Experiments can be devised so 
that the facts pop out like rabbits out of a brush pile. When 
students actually do ‘“‘catch’’ a fact for themselves their enthu- 
siasm runs over. It is as new to them as magnetic induction 
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was to Faraday. It is enthusiasm of this kind that will lead 
them, just as it has led all scientists, into the next stages,— 
the taking apart and the logical cataloguing of the parts, the 
theory some call it. ‘Never teach a theory until you have 
created a mental necessity for it,’’ said a well known teacher 
of college physics to his class. The educationists would revise 
this statement this way, “You can’t teach a ‘theory’ until 
there is a mental necessity in the mind of the pupil for it.” 

Or to follow the analogy a little farther, we can put it this 
way: If the high school scientist is to be taught to carve and 
cook he must learn to do it on his own ‘‘catch.”’ What if the 
meat is scorched in his little campfire rather than broiled in 
the accurately regulated oven of our electric range. He will 
enjoy the eating of it all the more. 

This then is the breaking point of the analogy,—the eating. 
For any one can eat, whether he caught the rabbit or not. But 
the pupil who is to be nourished by the vitamines of science 
must himself catch the facts. : 

Endless futile discussions could easily follow from pressing 
our analogy too far, but the essential points of it may be sum- 
marized as follows: 

1. In high school science, students must have fresh ‘‘meat.’’ 

2. They cannot digest the highly seasoned salads prepared, 
no matter how skillfully, by others. Ptomainic symptoms are 
the result of most attempts to do so. 

3. In the beginning, at least, they must catch the facts 
themselves. This is scientific procedure. In no field of science 
will the research workers accept the findings of one of their 
number without abundant verification. 

As an illustration of (3) notice the comments that are being 
made upon the work of Dr. Kammerrer of Vienna who is now 
touring this country lecturing on the results of his experiments 
which seem to show that acquired traits may be innerited. 
The gist of the comments is: We will not accept this view until 
we find the same facts ourselves. 

Now, perhaps Dr. Kammerrer is a careful experimenter and 
a clear ‘rigorous’ thinker. Perhaps he has discovered, actual 
facts and has given them the proper interpretation, neverthe- 
less, until a sufficient number of scientists have made the same 
observations and checked up on the explanations and until 
they have analyzed Kammerrer’s work into elements of experi- 
ence familiar to them they will not accept his findings. 
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Numerous illustrations of this attitude can be given. This is 
the way of science. It always has been the way and always 
will be. There can be no science without it. 

Demagogues, quacks, the superstitious and other feeble minded 
folk will accept unreservedly any dogmatic statement they wish 
to believe no matter what the authority. In this they are the 
direct antithesis of the scientist. 

Into which of these two antithetic classes, then, will we consign 
our pupils if we ask them to accept without experience? And 
yet we do that very thing when we give copious instructions 
before they experiment; when we tell them what is going to 
happen before it happens, or when we tell what would happen 
if we would do so and so with such and such apparatus under 
normal conditions if such were obtainable at the time and place 
the supposed experiment transpired. 

If we need any further confirmation of the psychological 
truth underlying this let’s turn to Michael Faraday ‘““‘T was 
neverable”’ says he, “to make a fact my own without seeing it 
And the descriptions of the best works failed to convey to my 
mind such a knowledge of things as to allow myself to form a 
judgment upon them. If Grove or Wheatstone or Gassiott 
or any other told me a new fact, and wanted my opinion eithe 
of its value or the evidence it could give on any subject, I could 
never say anything until I had seen the fact . . . All the 
work had to be my own.” Again we'll Say poor, stupid Michael. 
What grade would he make in some of our science classes today? 

What shall we do then with the little skeptic, who asks such 
questions as “How do they know there are germs?” Tell him 
as some teachers have been known to do, by their attitude at 
least, “If the author of this book says there are germs, there are 
germs. Don’t you think he ought to know?’’, or shall we turn 
to the microscope and cultures? Or again some chap asks, 
‘How do they know it is ninety three million miles to the sun?”’ 
why not give him a scout manual and let him measure an in 
accessible distance, such as the height of a tree or the width 
of a river? He is by nature a scientist and will put himself in 
that class if we but let him 

How often do we hear teachers justifying the teaching of this o1 
that by the expression, ‘Well, I think they ought to know it 
Especially is this statement often made of the so called theories 

ready made solutions to problems that probably have neve 
entered the students’ head We are not discussing here the 
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selection of material. Perhaps they ought to know it. But if 
they ought the psychology of the situation is the same as it 
was when the theory was developed. There were problems 
in Dalton’s mind growing out of experiences. The atomic 
theory was his attempt te explain these experiences. It simplified 
his thinking. Something of the sort was necessary. 

The teacher, then, who wishes to teach such things must 
found the teaching upon the pupils’ experience. They can 
not learn it any other way. 

I discovered an old textbook the other day, ‘Principles of 
Chemistry,” by J. A. Porter, M. D., published in 1866. It was 
perhaps a very good text in its day. There are over three hun- 
dred experiments in the book and the title page announces 
that this is a revised edition containing many new ‘Parlor 
and lecture experiments!’” And so chemistry once had a place 
in the parlor! Well, that was before its widespread use as a 
high school subject so perhaps it is true. But the interesting 
thing about this book, to a modern reader, is this: The experi- 
ments invariably precede the explanations, and the facts brought 
out by these experiments are the same today as they were in 
1866, but the explanations which follow in this old book would 
be laughed out of court now. We have a different scheme, 
perhaps a more efficient scheme, for thinking about these facts, 
new mental formulas for linking the old with newer facts. 

But we do not need to go back three-quarters of a century 
to this old book to discover the uncertainty of theories. Take 
a recent issue of the Science News Letter, January 5, 1924. On 
page three we have this title “New Slant to Evolution Given 
by Fossil Bones.’’ Not fossilized teachers, mind you but ‘‘fossil 
bones.”’ Page 5 continues the argument for the affirmative with 
the caption “Sun Spots Show Strange Reversal of Magnetic 
Poles’ and the article affirms that the ‘new observations are 
revolutionary and the findings to be unexplained.’ Again in 
this same issue we have another illustration—‘‘Strange Star 
Upsets Astronomical Theories.”” The article discusses the 
companion of a certain variable star and after mentioning one 
new theory concludes that it may be necessary ‘‘to form a third 
hypothesis, to account for its existence and peculiar behaviour.” 
Evidently theories are not as fixed as the variable stars even. 

Now as though this were not enough for once the very next 
topic startles us by announcing, ‘“‘Pigeons Change of Sex Upsets 


Heredity Theory’? What a hard time the theoriessare having. 
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Since the astronomers have come to the support of Einstein, 
we may say, in the language of the old song, even old gravita- 
tion ain’t what she used to be. But this change exists largely 
in man’s mental machinery. As far as there are records to show, 
the experience of falling from a ten story window is about the 
same as it has been in the past. 

Suppose we turn now to some more dignified statements of 
the fundamental psychology of the situation. In the High 
School Research Bulletin, Vol. I, No. 20-C of the Los Angeles 
City Schools, by Franklin Bobbitt we find this: 

“4. The basis of all science learning must be abundant experience 
with concrete realities. 

1. Working with them. Using them. Controlling them 

2. Play that involves them. 

3. Observations of them. 

1. Abundant revealing reading. 

“5. Practical activities which involve the use and control of the 
science realities should be as abundant as practicable. l’unda- 
mental realities). 

Please note the word revealing in (4) above and then go back 
to John Dewey. We-will find this: “General appeals to the 
pupil to think irrespective of the existence, in his own experience 
of some difficulty that troubles him and disturbs his equilibrium 
are as futile as advice to lift himself by his bootstraps.”’ 

But must we learn every thing in science—every fact, inven- 
tion, or application, by experience with each? Not by any means; 
such a process would compel each generation to begin all over in 
adapting itself to its environment and progress would be impos- 
sible. There are some fundamental, or alphabet, experiences 
Through our early experiences in falling from a chair, a horse, or 
the old apple tree, we have learned that to fall from a ten story 
window would be unpleasant, if not disastrous. This is our 
experience. When we read of an individual who has had this 
actual experience it is revealing reading to us because of our 
experiences. Could we explain it to one who had always lived 
in a neutral gravitational field and who had no concepts of falling, 
of impact, or injury to one’s self? 

The task of the teacher of science, then, is to see that his 
pupils acquire as many of the elements of experience as possible 
from the general environment,—‘‘to satisfy as many curiosities 
as possible’’—that curiosity without which mind would not be 


mind and without whose satisfaction there could be no progress. 
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“Happy is the man who knows the causes of things,” said 
Vergil. And all this may come to our pupils if we will permit 
them to make facts their own by allowing them the pleasure of 
catching these facts themselves. This is the best stimulant not 
only for the curiosity, but for the other mental processes teachers 
hold so dear; this enthusiasm will preserve not only the facts 
in the memory, but also the interest in, and appreciation of 
science for a life time. 

And now, whether we have bagged any game or not, it is time 
to assemble around the campfire while ‘Ulysses, much-experienc- 
ed man’”’ summarizes for us: 

‘‘T am part of all that I have met, 
Yet all experience is an arch wherethro’ 


Gleams that untravelled world whose margin fades 
Forever and for ever, when I move.”’ 


SCIENTIST TRANSPLANTS BEATING HEART INTO NEW BODY. 


\ living, beating heart has at last been transplanted from one living 
body into another 

Into a body already supplied with a heart, Dr. P. Stohr of Wurzburg, 
Germany, placed a beating heart taken from another body. And he 
succeeded in keeping both hearts alive, functioning in the same body. 
Dr. Stohr has also succeeded in isolating the heart system from the 
organism and developing it outside the body for a considerable length 
of time 

The experiments were on embryo salamanders Although there is 
a wide gap between salamanders and man, it is the ultimate hope of 
all such experiments that the same thing may eventually be accom- 
plished in the ease of man. However far the present discovery may be 


from such an eventuality because of the numerous intricate problems 


that must first be solved, it is of great interest and import. 

Dr. Stohr first attempted to confirm the findings of another scientist 
named Ekman who had demonstrated successfully that the undeveloped 
embryonic heart of salamanders is capable not only of remaining alive 
outside the organism but also of developing into its several parts. Stohr 
sueceeded in the case of salamanders and tritons in seventy cases and 
kept hearts alive for as long as three weeks 

In other cases Stohr transplanted the heart from one embryo to another, 
thus producing larvae or tadpoles with two hearts each. These tadpoles 
successfully kept alive for a period of time long enough to show the 
result of an extra heart on the development of the animal. During 
these experiments Stohr learned several noteworthy and interesting 
facts. He found that the power to perform regular contractions is the 
inherent property of each heart cell and not a function of the nervous 
system or of the immediate surroundings of the heart 

He also learned that there was an extraordinary regularity of pulse 
beat in the excised hearts. It only five cases out of the seventy were 
there irregularities, and these exceptions were capable of explanation. 
He also noted that each heart cell or entire heart has a rhythm all its 
own and cannot be influenced by the rhythm of another heart in the 
same body. Neither heart cares what the other heart is doing. A rise 
of temperature causes the pulse rate of both hearts to inerease but in 
the same proportion in each case 
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A LABORATORY EXPERIMENT FOR TESTING THE 
EFFICIENCY OF A SCREW JACK’. 


A. P. CARMAN AND R. F. Paton, 
[ niversity of Illinois. 


Our object in devising this experiment has been to get a 
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feasible quantitative college experiment which would fix the 
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principle of work and the concept of efficiency of a machine. 
We chose as the machine a small screw jack. the particular jack } 


being an inexpensive one used to lift light weight automobiles 
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The apparatus is shown in Figs. 1 and 2. The hand lever was 


removed from the gear wheel of the jack and a disk was subst1- 
tuted. The ‘‘power’’ force is applied as a weight hung by a 
wire cord which is wound in a groove on the periphery of the 
disk. This applies a moment of force to the small gear whee! 
which acts in turn on the gear turning the screw on the jack | 
The “‘weight’’ force which is overcome consists of a number ot P 
large iron weights hung on the end of a lever. The fulcrum of 


this lever is at the opposite end of the bar and the ‘“nower”’ | 
force on the lever is the force exerted by the jack. The lever 
| 
| 


as constructed by us consists of an oak beam 1.5 inches thick 


about four inches wide and about seventy inches long. The 
upper end of the jack screw was fitted with a wedge-shaped ‘ 
piece and this rests on an iron plate screwed on the lower part 01 | 
the oak beam. The point of appliaction of this ‘“‘power’’ foree 
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can thus be shifted along the lever bar; this point of application 
will not in general be under the center of gravity of the lever 
bar so that the work done in raising the center of gravity must 
be taken into account in the final calculations of the efficiency 
of the machine. 

The following is a sample set of readings made with this 


apparatus: 


Weight of lever 6490 grams 
Pitch of screw 847 em 
Distance of fulerum to jack 16.0 em 
Distance of fulerum to center of gravity of lever 66.0 em 
Distance of fulerum to weight 166.0 em 
Distance ‘‘weight’’ is shifted for two revolu- 

tions of disk 6.35 em 
Distanes power’ force moves for two revolu- 

tions of disk 177.8 em 
Weights at end of lever 12410.0 em 
‘“Power’’ weights in bucket required to just lift 

above ‘“‘weight’ 2040.0 gm 

From the above data, the student caleulates directly the following: 

Ideal mechanical advantage of jack 105. 
Actual mechanical advantage of jack 26.8 
Ideal mechanical advantage of lever .266 
Actual mechanical advantage of lever 230 


Ideal mechanical advantage of combined machine 28.0 
(Actual mechanical advantage of combined machine 6.08 


kKifhicieney of jack 25% 
Ee ffiei nev of lever 86% 
ki fhei nev ot combing d machine 29 ¢ J 


Laboratory of Physies 
University of Illinois 
April, 1924 


SOME RADICAL DEPARTURES ON THE TEACHING OF 
BIOLOGY. ' 


By Exiior R. Downina, 
University of Chicago. 

The psychology of science teaching is now sufficiently clarified 
and the experimental determination of the relative values of 
method of instruction sufficiently advanced to warrant certain 
radical changes in our courses of study in biology and the 
technique of presentation. 

All subject-matter should be eliminated from the course that 
s not socially worth while, and at the same time of prime in- 


terest to the pupils. The only justification for the taxation of 
the people to cover the expenses of the education of their chil- 
dren, is that education contributes to the efficiency of those 
educated as members of the community. Interest is a prime 
prerequisite. For any educational process is the result of self 


From Illinois State Acad f Science Transactions, Vol 
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activity and that is conditional in its intensity by interest. We 
know from the studies of Mau, Finley, Traften, and others, 
that pupils are interested primarily in the activities of animals 
and plants, their identification and relation to the environment 
Further, that 


the interest is chiefly in birds, insects, and common mammals 


not in their structure, classification, utility, 


among the animals, and in wild flowers, trees and garden plants. 
Our biology should deal largely with these groups and it should 
be chiefly concerned with behavior and environmental relation- 
ships. 

The subject-matter should be organized in relatively small 
units, with topic titles that challenge attention, for the mental 
grasp of High School sophomores is not extensive. The pupil 
needs to progress by small, well defined steps, so he may have / 
a constant sense of mastery and not feel lost in the intricacies 
of a hazy, large subject 

The unit, or a small group of them, should eventuate in a 
comprehension of a biological law or generalization of major 
social importance, because in proportion as one gets his knowl- 
edge generalized, is it applicable to a new situation, and then 
only as he has had drill in such application. The teacher must 
therefore spend time in carrying over these biological generali- 
zations into life situations. A few such general laws well 
selected for their social values, well mastered and applied, are 
of real value. A mass of unorganized biological detail is useless. 

Many of these units should be organized in problem or project 
form to give drill in accurate methods of scientific thinking, 
for such ability is more important than the acquisition of knowl- 
edge. Some units should be organized with a view to giving 
an aesthetic appreciation of one’s environment. Others to give 
an appreciation of the value of science and of the devoted labors 





of scientists; some to develop a sense of the lawfulness of nature, 
and the moral obligation of the student to obey her laws. ‘ 

The recent experiments of Cunningham, Cooprider, Anibal, 
and others, have shown that as far as the acquisition of knowl- 
edge is concerned, the lecture demonstration is more efficient 
than the laboratory method of instruction, and much more 
economical of time and material. Science instruction is ne- 
glected in the small High Schools because of the unjustified , 
notion that expensive laboratory equipment is essential. The 





cost of instruction per pupil in the sciences is well toward the 


top of the list in high school subjects. The writer is convinced 
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that we waste a large amount of time of students in muddling 
around in the laboratory. Teach them by the lecture demon- 
stration method. Reduce laboratory work to a minimum. 
Bar the compound microscope from the High School biology 
course, and replace it with the demonstration projection micro- 
scope. Omit all dissections by students; such a dissection is 
rarely instructive—it is futile hash. Use prepared dissections 
when structure is to be studied, remembering that such studies 
are only to be made when structure is essential to a compre- 
hension of activities. Omit from the note books all detailed 
sketches and replace them with diagramatic drawings. Ayers 
investigation has shown that such drawings are much more 
efficient in fixing in mind the essential points. 

In working out problems and projects, the early work should 
aim to habituate the pupil to the solution of a problem in the 
logical way, by following the detailed guidance of the teacher. 
Gradually the teacher’s help should be withdiiete as the student 
is instructed in the essential steps of the problem solving pro- 
cess. Finally the pupil should be led to work out his individual 
problem or project unaided. 


THE RELATION OF FLUE GAS ANALYSIS TO THE EFFICIENCY 
OF THE OIL BURNER. 


By GeorGce T. ParKeR AND H. A. GEAUQUE, 
Lombard College, Galesburg, Ill. 
INTRODUCTION. 

The extensive use of fuel oil in all types of furnaces gives 
economic importance to standards of furnace control. The 
small installation is seldom controlled from the measurements of 
a testing engineer as the variations in the efficiency of the 
installation seldom amount to enough to warrant the employ- 
ment of an engineer, The large installations, however, are 
being controlled by the modern methods which have been 
developed for coal fired furnaces. These methods are tests of 
the intensity and quantity of combustion and, when applied to 
the combustion of fuel oil, indicate the efficiency of the furnace, 
provided, of course, they are interpreted in the right way. 

Because of the rapid development of the oil burner industry, 
the discussion of the efficiency of the oil combustion has been 
left largely to the salesmen or promoters, while the factory 
engineers have been busy developing the production efficiency 


of the plants. Efficiency standards have been set by argumen 
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tation rather than being based upon information gained in the 
industrial laboratory. As a result many exaggerated claims 
have been made regarding the efficiency of the oil furnace, in- 
cluding claims of more than 17% carbon dioxide in the flue 
gas. Of the many claims of advantage of the oil burner over 
the coal fired furnace the flue gas analysis should show the 
relation in efficiency of starting, change in load, and complete 
combustion. 
COMBUSTION EFFICIENCY. 

The type of fuel used varies considerably, but with the 
lighter fuel oils, the average hydrocarbon indicated by the 
properties of the oil is probably represented by the formula 
CiHy. The quantity of this oil, or the percentage, cracked 
during vaporization, probably varies considerably, but the ease 
with which it is distilled would indicate that it is stable at the 


moderate temperatures. The vaporization in the burner is at 
a point where a large quantity of air is being admitted to the 
fire pot. The cool air keeps temperature of this part of the 
fire pot very much lower than that of the flame On the as- 


sumption that only a very small per cent of the hydrocarbon is 
cracked, the maximum percentage of carbon dioxide in the cooled 
flue gas can be calculated by calculating the combining volumes 
from the equation 

2S... * 40 32C0. + 34H.O 
If we assume that the ratio of oxygen to air is | to 5, the reae- 
tion will be expressed by volume as follows 

2 volumes Distillate + 245 volumes Air 

32 volumes CO, + 196 volumes N, and inert gases 
This gives us a ratio of 32 volumes of CO, in a total of 228 
volumes of flue gas which gives a percentage of 14.03°) carbon 
dioxide, as the maximum per cent possible in the cooled flue 
gases. The maximum carbon dioxide from oil combustion is 
calculated by F. D. Harger 
as 15.3959 from the analyses of the oil given as ¢ 
= "60; # = 14.0; O i2; &§ 0.4: N 
1.7. The calculation of the maximum per cent of carbon 
dioxide possible from the combustion of the above oil is 12.52% 

The cracking and dissociation at the high temperature of the 
flame give the combustion a process of oxidation of carbon 
and hydrogen as dissociated in the flame rather than a moleculai 


reaction. This change in the condition of these elements would 


F. D. Harger, Fuel Oil, \ N 





























OIL BURNER 747 
not, however, change the resultant compounds found in the 
flue gases. 

IK. XP£RIMENTAL, 

Two types of burners were studied—the vaporization and 
the spray types. The temperatures were measured by means 
of a thermo-couple and potentiometer. A modified form of the 
Orsat gas analysis apparatus was used in analyzing the flue 
gases. 

In the spray type, found in the market, at present, the oil 
being sprayed by air pressure, the quantity of air seems to be 
governed by the necessity of spraying the oil rather than by the 
amount necessary for combustion and by attempts to lower the 
air supply. The study of the effect of the air supply upon the 
efficiency, resulted in the stopping of the spray, and the burner, 
of course, was extinguished. The maximum carbon dioxide 
from this type of burner was found to vary between four and 
five per cent, 4.6 being the average. These conditions can 
probably be made more favorable by several adjustments, but 
it was found impossible by the author to keep the oil supply 
constant and change the amount of air supplied to the burner. 
In this type of burner, the oil supply, of course, depends upon 
the velocity of the air current. 

In the studying of the vaporization type of burner, the air 
could be controlled and the relationship of the temperature to 


| 


SAT Un & 


| 
| 
| 
| 


\Ern res 


REASE et 
Se, 
XX 
\ 
\ 


‘um 



























































748 SCHOOL SCIENCE AND MATHEMATICS 





the quantity of air necessary for the maximum efficiency was 
easily found. Figure 1 shows the rc'ationship between the 
temperature and the percentage of carbon dioxide in the flue 
gas. The oil supply was held constant during these readings 
and the air supply was diminished. The maximum air supply 
that the burner could possibly use was used as a starting point 
and the readings were taken as the air supply was diminished. 
As is indicated on the curve, both the percentages of carbon 
dioxide and the temperature were found to increase to approxi- 
mately 8.3% carbon dioxide. After that a quick break in the 
curve indicating a lower temperature, shows that above this 
point, at least, the efficiency was quickly lowered on the carbon 
dioxide curve between 6.6 and 8.3%. There was only a com- 
paratively small change in temperature and this would indicate 


. 


that an average in this range would be perhaps the most efficient 
in this condition. The conclusion from a study of the flue 
gases of the ordinary marketed types of oil burners can be 
ij summed up as follows: 


5 .. 4 control of the air supply is very advantageous 
2. The air supply should be such that the carbon dioxide in the gas 
should come between 6.6 and 8.3° 
3. The construction of the burner should be such that a change in 
regulation should not affect the mechanical action of the burner 
4. An excess of forced air sho be avoided because of the serious 


eooling effect it has upon the flue gas 


DO WE TRAIN OR DO WE MERELY SELECT? 
$y HAROLD SELLERS COLTON, 
University of Pennsylvania, Philadelphia. 
INTRODUCTION. 

In a preceding paper (Foot Note No. 1) an investigation was 
presented which shook considerably our faith in the ultimats 
end of education. A comprehensive examination could show 
no significant difference between students who had passed 
through a laboratory course in General Zoology where training 
; was particularly stressed and a laboratory course whose object 
was mainly to impart information. In attempting to train 
students in General Zoology, are we attempting the impossible? 

At the University of Pennsylvania the course in General 
Zoology has been constructed on the following aims. The 
course endeavors to modify the behavior of a group of organisms 
called students, so that they may be better adopted to thei 
environment. Within the limits preseribed by time, equip 


Information and Training School and Society, Vol. X Page 10 
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ment, and personnel, it attempts to train those students to use 
their eyes, which many never have used before, to record and 
organize what they see,—and, what is most important of all, to 
generalize from observed, verifiable facts:—all of which form 
the very essence of scientific method. At the same time it 
further attempts to give to those students an intellectual back 
ground which shall include the mechanism of their own bodies, 
hereditary transmission, the concept of evolution, and the 
position of the student in a world with other animals. These 
are its alms. 

The Material: 

Before we determine what we do, we must examine the be- 
havior of the wild organisms as they enter our class. We know 
that they have not the same heredity; nor do they come from 
the same environments; they have not had the same training. 
Some are adapted by their hereditary constitution, to our sub- 
ject from the start. Other achieve adaptation (a word used 
in the sense—the fact of fitting), and many, it is to be regretted, 
never fit at all. It brings us to the old story of ‘““Nature’’ and 
“Nurture.” 

The fact of ‘“‘Nature’’ we can grant. (1) Students are con- 
genitally different. (2) On the basis of these differences selec- 
tion has been practised in the schools. Certainly elimination 
on the basis of congenital differences is a fact. 

On the theory that ‘“Nurture’’—training—is effective, we, 
the instructors, hold our present jobs. The amount of training 
in biology in school which carries over into college forms a 
convenient measure. Because we are depressed by half for- 
gotten information and incomplete conceptions,—some _ by- 
products of school instruction, we overlook, perhaps, the effect 
of training, the unforgettable products of school education. 
That something from school biology carries over into college 
has been demonstrated by Matthews (Foot Note No. 2) and 
the author (Foot Note No. 3). There seems to be something 
in “ Nurture.”’ 

Observations: 

In the winter of 1919-1920 the author further studied the 
class in General Zoology, carrying the comparison between 
students who have had zoology in school, with those who had 


*Matthews E. J The Correlation of High School and College Courses in the Sciences 
University of Texas Bulletin No. 1838, 1915 

Colton H.S The Bearing of High School Science on a College Course in General Zoology 
School and Society, Vol. 2, Page 69, July 10, 1915 
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none into smaller groups of students. He examined the pre- 
medical students, which form nearly half the class and who have 
a similar aim; he examined the balance of the class—the non- 
premedicals; the students who work for the love of the subject 
came under his scrutiny; Philadelphia High School males were 
studied separately from the females. 

Of all the groups studied the Phildaelphia High School males 
alone showed any significant difference (Foot Note No. 4) in 
performance between those students who had had zoology in 
school and those who reported none. In all other cases the 
difference was less than three times the probable error of the 
difference. 

In 1922-1923, the students after a simple practical test were 
segragated on entrance into the course on the basis of ability 
to do zoological work. The students from Philadelphia High 
Schools who formed but a quarter of the whole class found 
themselves occupying nearly half of the superior section. This 
group of students from certain High Schools invariably do bette: 
work in our course than others. 

Table No. I. 


Percentage of students who'Percentage of stu- 
made the superior sec- dents who _ re- 
tions in the preliminary) ceived D or G 
test The superior sec- in the cours 
tions contained about one (;ener il Zoology 
fourth of the students The group con- 


tained about one 
third of the stu 


dents i the 
course 
Number 
Had Had No ot Had Has N 
Zoology | Zoology | Students; Zoolog) Zoology 
ith in in Su- in in 
Scnool School perior School School 


s\ e¢tions 


Phila H.S 15 19°, 56 50 31 
Other Metropolitan H.s 19 259, 34 28% 30 
Small City 17 33 1] 5 +4 
Private Schools Li 27 35 17‘ 9‘ 


It is seen from the figures in Table One that the students 
from the Philadelphia High Schools are the best prepared at 
entrance to undertake zoological work in this course and that 
they maintain this lead to the end of the course. 


‘A difference of over three times its probable error was considered significant 
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For the past eight years the students have been classified 
under their high school teachers. The number of students who 
receive Distinguished or Good—the upper third of the class,— 
form a convenient measure. ‘To be sure it varies a little from 
year to year, but on the average it contains 34% of the class, 


which is very close to one third. 


Table No. II. 


Certain Teachers in Class 
Philadelphia High \ B iC D /|E F |G H is 
Schools Whole 


Percentage of Students 
in the D G Class 50°, 69% 


8367/5007 |50°7 |60% 160% 34% 
The teachers selected in Table 2 are those who have sent the 

most students to our course. Teachers A, B, C, and D are 

from the same school. Teacher D, with 83% of his students 

in the Distinguished and Good class is the most experienced of 

the four. 

Conclusion: 

Outside the larger metropolitan high schools the author is led 
to believe that laboratory work has but a small place in biologi- 
cal courses. This conclusion has been arrived at through con- 
ferences with the students. Except in a few cases no special 
training is given in Biology—the courses being mainly informa- 
tional, and information is soon forgotten, particularly so as 
Biology comes early in the High School curriculum. It seems 
certain now that some schools do train their students in Biolog- 
ical methods. Our faith in our teaching is strengthened. If 
the schools can train when they try, so can we do more than 
select. We can modify the behavior of some students; this is 


comforting to know. 


N. HENRY BLACK 


Mr. N. Henry Black, who has been science master at the Roxbury 
Latin School, Boston, Mass., for the past twenty-four vears, has been 
appointed Assistant Professor of Education at Havard University 
During the coming vear two-thirds of his time will be devoted to teaching 
physics and the rest to courses on the teaching of science in secondary 


schools 








awl, ade 


bod oa RR el 



































SCHOOL SCIENCE AND MATHEMATICS 


PROBLEM DEPARTMENT. 
Conpuctep By J. A. NYBERG, 
Hyde Park High School, Chicago. 
This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mahematics 
All readers are invited to propose problems and solve problems here pro- 
posed. Problems and solutions will be credited to their authors. Each 
solution, or proposed problem, sent to the Editor should have the author's 
name introducing the problem or solution as on the following pages. 
The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to 
J. A. Nybe rg, Hyde Park High Se hool, Chicago. 


LATE SOLUTIONS. 
813, 829. George Sergent, Guatemala. 


SOLUTION OF PROBLEMS. 
831. Proposed by M. Freed, Wilmington H. S., Los Angeles, Cal. 

Find the center of a circle using compasses only. 

Solved by Michael Goldberg, Philadelphia, Pa. 

With A, any point on the circle, as a center and with any convenient 
radius draw a circle cutting the given circle in peints B and C. With 
B and C as centers and AB as a radius draw two ares, intersecting at D. 
With D as center and AD as radius draw an are intersecting at E and F 
the circle whose center is A. With E and F as centers and EA as radius 
draw ares, intersecting at G. This is the center of the given circle 





common. Then EA IxXAG. Call H the intersection point of 
AD and BC. Then AD =2AH; hence EA? =2AH XAG, or 
2AH XAG =EA?=BA? =AH +HB? =AH?+BG —HG? 
=AH?+BG? AG AH)? 
= BG? — AG?+2AH KAG 

Hence BG =AG. Similarly, CG =AG. 

All geometrical constructions which use only the compass and straight- 
edge (Euclidean Geometry) can be performed by the compass alone. 

Also solved by Philomathe, Montreal, Can., and the Proposer. 

832. Proposed by W. T. Harlow, Portland, Ore. 

In our decimal system of currency the removal of the decimal points 
does not change the value of any expressed amount of money reduced to 
cents. For example, removing the decimal point from $90.60 we have 
9060 cents. In English money there is only one amount which admits of 
the removal of the dividing points or units, reducing the figures to far- 
things without disturbing the expressed value. Find the amount. 

Solved by N. H. Mewaldt, State Normal School, Dickinson, N. D. 

Let z=number of pounds, y=number of shillings, z=number of 
pence, and w=number of farthings. y<20; z2<12; and w <4. 


Proof: ADEA ~~ AGEA because both are isosceles and ZEAG is 
2 
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The value of the money in farthings is 96072+48y+4z+w which 
must be equal to one of the following four expressions (according as 
y and z are numbers of 1 or 2 digits): 

10002 +100y+10z2+w; 10000r +1007 +10z2+w: 

10000z2 +-1000y+10z+w; 100000r +1000y +102 + w. 

None of these four expressions are possible for when combined with 
| 9602 +48y +42 +4 
at least one unknown must be negative. 

Assume w=0O; that is, we are not dealing with farthings. 

Then 9602 +48y+4z+w must equal 


2 1002+ 10y+2 7; 0 9; z 0 9 
3 1000z2 + 10y+2 (y=10 19; z 0 9 
} 1000z 4+- 1007 +2 7 0 Y: z 10 or ll 
5 100002 +100y +2 y=10 19: x=10 or 11) 
Of these, 2) leads to negative values when combined with (1); like- 
wise (4) and (5). Equating 3) and (1) leads to 
32 2y 
102 = 38y+32 or: / . 
10) 10) 


Hence r=y, and 3z=2y. The only solutions (remembering that 
y=10 19) are rz=12, y=12, z2=8. 

Also solved by J. Murray Barbour, Ardmore, Pa., W. T. Harlow, 
Portland, Ore., ¢ I Githens, Wheeling, W. Va., J. F. Howard, San 
intonio, Tex., and E. Rae, San Jose, Cal. 

83333. Pp oposed OY di K. Ellwood. Philipsburg, Mont. 

A and B start to walk around a circular path one mile in circumference. 
Each reduces his rate one mile per hour at the end of the first hour, and 
gain one mile per hour at the end of the second hour. 

They start in the same direction. Twelve minutes after A has passed B 
the 3rd time A turns and walks in the other direction until 6 minutes after 
he has met B the 3rd time again, w hereupon he turns to his original diree- 
tion and overtakes B four times more. Find the rate of each if each has 
walked 3 hours and A has walked 8 miles more than B. 

Solved by J. F. Howard, San Antonio, Tex. 

Let the rates of A and B be respectively z and y during the first hour, 


ag 


l and y 1 during the second hour, 2 2 and y 2 during the 
third hour Since A’s rate exceeds B's by the same rate during the 


entire 3 hr I y = 8/3. 

Since A gains 8/3 mi. per hr. on B he will overtake B every 22% min. 
ind therefore will pass him the third time (counting the starting pont 
is the first passing) in 45 min During the next 12 min., A will gain 
12 s Ss 

or mi. on B 
60 3 LS 

A now reverses his direction. For the 3 min. left of the first hour the. 

approach each other at the rate of (r+y) mi. an hr., and will cover 


y)/20 mi. in that time This leaves 8/15 r+y)/20 mi. to go to 
meet one another, and 2+8/15 r+y)/20 mi. to meet the third time 
As their rate toward each other is now r—1+(y—1) or r+y—2 mi. an 
hr., this will requir 

8 
HU 2 
LS 20 
2 y—2 
or (152—3zr—3y +y—2) min. In this way they continue for 6 min. 


traveling (r+y—2)/10 mi. To pass B 4 times, or gain 3 laps, requires 
67144 min. or more than one hour; hence their rates have not changed 
during this time 

A now reverses his direction again and must gain 3+(z2+y—2)/10 
miles to pass B 4 times; he gaining a mile in each 22% min. 
The total time is 180 min.: henee 
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152—32r—3y r+y—2 
45 +12+3+— — +6 +22 6(3 4 180 
z+y—2 10 

Letting z+y—2=k, this reduces to 9k*—198k+584 =0 whose roots 
are (approximately) 3.5 and 18.5. The value 3.5 leads to a negative 
rate for B during the 3rd hour. Hence k =18.5, or r+y—2=18.5. Solv- 
ing this with z—y =8/3 we find A’s rate at the start was about 11.58 mi. 
an hr. (Rather fast walking 

Also solved by J. M. Barbour and N. H. Mewaldt 


5 G 


°) 


834 Proposed by KF A Cad vell, St. Paul, Vii nm? 

ABCD is a quadrilateral inscribed in a cirele. F and E are points on 
AC such that ZADF ZBAC, and ZABE ZDAC. 

Prove that AF = CE. 

1. Solved by Arria Murto, Hickman Mills, Mo. 

Let z= ZADF= ZBAC, and y= ZABE= ZDAC. 

AADF ~ ABAE since two angles of one equal two angles of the other 
Hence AF/FD =BE/AE. 

ZADF+LFDC + ZABE + ZEBC =180° since the quadrilateral is 
inscribed in a ecirele, or r+y+ ZFDC+ ZEBC =180°. 

ZEAB+ ZABE+ ZEBC + ZBCE =1S80° being the sum of the angles 
in AABC, or r+y+ ZEBC+ ZBCE =180°. 

From the last two equations, ZF DC = ZBCE. 

Also ZDFC = ZBEC since each equals r+-y. 

Hence ADFC*~BEC and FD/CE=FC/BE. 

The product of (1) and (2) leads to FC/AF AE/CE If we here add 
the denominators to the numerators, we get 

AC/AF=AC/CE; hence AF =CE. 

Il. Solved by Walter H. Carnahan, Bloomington, Indiana 

Extend BE to meet the circle at G. Draw GC. Then 

Are AG =are DC since they are intercepted by equal angles 

Are AD =are GC, by subtracting are DG; hence AD =G¢ 

ZBGC = ZBAC ZADF, and 

ZACG = ZDAC. 

“. AGCE = AADF or CE =AF. 

Also solved by Autoon J. Cave, Houghton, Mich., Kenneth ¢ 
Indianapolis, Ind., T. E. N. Eaton, Redlands, Cal Vichael Goldbere 
Alice Gould and Eleanor VM ade rer, W ate riown, N. Y “a, larence F Holmes 
Elizabeth City, N. le . is F. Howard 'f H. Me valdt, Charl Shield 
Indianapolis, Ind., George Sergent, and the Proposer. 

835. For High School Pupils. Proposed by Betty J. Sharp, pupil at the 
Miami H. S., Miami, Florida. 

Construct a triangle having given a side, an adjacent angle, and the 
difference of the other sides when the greater side is opposite the given 
angle. (Using only material found in the first half year of geometry 

Solved by Theodore Darby, Redlands H. S., California. 

Construct ZBAE equal to the given angle, and AB equal to the given 
side. Prolong EA and make AD equal to the given differenee of the 














SCIENCE QUESTIONS 


two sides. Draw DB. Draw the perpendicular bisector of DB and 
eall C its intersectién point with AE. 

Then AABC is the required triangle. 

Proof: DC=CB for any point on the perpendicular bisector of a 
line is equi-distant from the ends of the line. 

CB AC =AD, the given difference of two sides. 


PROBLEMS FOR SOLUTION. 
846. Proposed by George Sergent, Guatemala. 

Given AABC and a line RS. A line is drawn parallel to RS inter- 
secting AB at P and BC at Q; and Q is joined to A. Determine the 
position of P and Q so that PQ+QA equals a given length, l. 

847. Proposed by C. E. Githens, Wheeling, W. Va. 

Prove that the product 

2.47. . to infinity 
equals 2. , 
848. Proposed by Norman Anning, Ann Arbor, Mich. 

Solve: tan r+tan 4r=2 tan 3z. 

849. Proposed by Burrell Morgan, Krollitz, W. Va. 

If a man charges $2 for sawing a cord of wood consisting of 3 foot 
lengths into 3 pieces, what should he charge for sawing a cord consisting 
of 6 foot lengths into 4 pieces. Derive also a formula for the general 
problem, and base the solution on proportions, if possible. 

850. For High School Pupils. Proposed by Paul Ligda, Oakland, Cal. 

Two competing merchants are selling suits of the same kind and at 
the same price. Each sells 12 suits. Then A cuts the price $3 on each 
suit and sells 8 suits at the new price. B cuts his price $6 on each suit 
and sold 18 at the new price. If the total sales in dollars are the same 
for both, what is the amount of the sales? 


SCIENCE QUESTIONS. 
Conducted by Franklin T. Jones. 
The White Motor Company Cleveland Ohio. 
To Readers of School Science and Mathematics: 
You are invited to pro pose questions for solution or discussion. 


g ] , 4 . ; > 
ou are asked Oo answer quesiions. 


Examination papers are alu ays de sire d, Se nd in your own pa pe Ts or 
any others. Some are interested in college entrance examinations, others 
in school or college examinations. All are desired. 


Please address all communications to Franklin T. Jones, 10109 Wilbur 
ren if. S EB Cleveland, Ohio. 


QUESTIONS FOR SOLUTION. 

HS. Propo ed oY Fy d S. Jones. Hastings, Mich. 

How silver a mirror without using ethyl aleohol? 
149. P oO pose l by R. Be atrice Mille L West Philadelphia High School 
for Girls. Philadel phia. Pa. 

How can a gravity cell be filled with the least possible mixture of the 
zine sulphate and copper sulphate solutions? 
£50. Proposed by R. Beatrice Miller. 

What scheme can be suggested fer keeping odds and ends of electric 
W ire In good order? 
451. Proposed by R. Beatrice Miller. 

Wanted—Some short, concrete projects on the subject of “sound.” 


EXAMINATION PAPERS. 
PH YSICS—College Entrance Board 1924. 
(3 hours) 
Answer ten questions as indicated below. No extra credit will be 
given for more than ten questions. 
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Indicate clearly your reasoning in each problem and state the units 
which each answer is expressed. 
Number and letter each answer to correspond with the questions 


selected. 


Part I. 
a) State the Law of Conservation of Energy. 
b Assuming that this law is true how Can you explain the tact that 
a 700 pound load ean be lifted with an effort of only 100 pounds 
by means of a certain system of pulley s? 


2 a Af what average horse power does ah man work who load 30 
bricks a minute from the ground to a wagon 4 feet fr he 
ground? Each brick weighs 7 pounds 

bh) What is his efficieney if he tosses them 1 foot higher than neces- 
Srl j 
3. Two ele e light wires « on a pole o forees rig 
to each other which ar in the ratio of 5 to 4 If the total foree 
exerted upon the pole is 125 pounds, how much foree does eacl 
wire exert? 

t. Explain the meaning of each of the following statement 

a) “The specific heat of iee is 0.5.”’ 

b) “The coefficient of eubi expansion of ‘ nder « . 
pressure is 0.0036 , 

( “The mechanical equi ent of heat on the sis of pounds teet 
and degrees Fahrenheit is 778 

», a) State a rule for finding the direction of the magnetic fore 
a conductor ear ng an electric current 

5) State Lenz’s Law and give some illustration o ts app 

6. a) State two reasons for believing that sound is carried 

1 Way motior 

bh) In order to loeate n obstruction in a water pipe pist 
fired near the ope nd of the empty pipe he tempe ire ol 
which was 10°C \ sound was heard 3 seconds late Hlow 
far from the end was the obstruction? 

7 Describe a method of finding by experiment how the int: 
of illuminatior | to a small souree of light 
enar;r ra d ne y } ad r¢ 
of 5 Te ro nes ¢ epower lamp, how man candlepow 
vill be needed when vou move 2 feet farther av 

Pp IT ’ 
{ } } 
~The specifie gravity of ice is 0.918, that of sea water is 1.03 Wi 
is the total volume of an iceberg of whieh 700 eubie vard re @) 
posed above the water 
9 A 14 inch shell wei ! 1.400 pound if te t? eling one-twentietl 
of a second in a cannon, | es the n ( th a velocity ¢ HOO 
feet per second 
Find 
a ts acceleratior 

its kinetie energ t if ‘ the muZzle 

10, If one gram of kerosene supplies 11,000 calories of heat, how m 
vrams of water. original! it 20°C: ean be boiled a by burt 
ing 400 grams of kerosene in a stove having an efflicieneyv of 70 
per cent? 

[l. A current is passed through two electrolytic cells connected in serie 
One cell contains copper electrodes in a solution of copper su 


phate and in the other cell there are platinum electrod 
solution of s ilphurie eld Deser he the phenome na whiel 
place at each of the four electrodes 
A transformer having 840 turns of wir 


re as a primary is usec to tran 
form a current of 1,200 volts to 110 volts 











SCIENCE QUESTIONS 


1) How many turns of wire should there be on the secondary? 

bh) If 100 lamps of 50 watts each are connected in parallel on the 
secondary, what current will flow through the primary if there 
is no loss in the transformer? 

13) Stations A, B, and C are one mile apart in a straight line. An enemy’s 
cannon is heard at A and C at the same instant, but two seconds 
sooner at B. Find the exact position of the cannon with refer- 
ence to these three points. 

14..a) What kind of lens is used as a “reading glass’’? 

b) What kind of an image does it give when used as a reading glass 

c) How far from a printed page should a reading glass of 5 inches 
foeal kk ngth be held in order that the image of the letters may 
be ten times as high as the actual letters? 

15. a) Define index of refraction of a substance. 

b) If the velocity of light is 186,000 miles per second, what is the 
velocity of yellow light through a diamond, a substance whose 
index of refraction for yellow light is 2.47? 

If red light, with index of refraction 2.40, were present with yellow 
light, what action would the diamond have on the mixed beam 


on light? 


? 


SOLUTIONS AND ANSWERS. 
141 Pro Ferdinand Jehle 
\ dirigible condenses the water in the exhaust rases and retains them 
on the ship. Dees the dirigible become lighter or heavier? 
Solution by Geo 1 H Gate } ends N¢ hool. Brooklyn. A 7 


Answer it becomes heavier 
Proof 
Gasoline consists largely of the paraffins of about order CyHe to as 
high as CwH The general combustion equation may be written: 
2CrHy +(y/24+22r) O.-yH.0O+22CO, 1 
When is an positive integer and y 22 +2. 


A weight of oline corresponding to 2CrHy is on the dirigible. This 
weight is after combustion replaced by yH.O. From this it will be 
noticed no hydrogen escapes, so that the whole problem is just a matte 
Now since y is slightly greater than 

fom well t of O ts vreater than that of ¢ Fe 
vO> 2C, 

or yH,O>2C,H 

This will also hold true for those of ethylene Coal n and benzene 
series —(C,He,—6) series,—which may be present in small quantities 
In ease of Ethvlene series y =2z, but yO will be greater than 2Cz due 


u 
r 


of putting 4) in place of 2° 
2r, and since the 


© having the greater value. In the case of the benzene series y 
2 6 and henee yO is not necessarily greater than 2Cr. Solving for 
critical value of x for this series, it is found to be 12. This means that 
for the compound C,.Hys. there will be neither an inerease nor a de- 
crease in Weight Any compounds lower in the series will cause a de- 
crease in weight while any higher will cause an increase. Since members 


of this series are only present in gasoline in small quantities, it may be 
safely stated that condensing the water will increase the weight of the 
lirigible 


{Iso solved by J. E. Running, Fargo, North D 


ANNOUNCEMENT. 
Our new Catalo W-L:1924 on Instruments of Pre 
Instruments is now ready for distribution Write for your copy. 
THE GAERTNER SCIENTIFIC CORP’N 
1201 Wrightwood Avenue, Chicago 
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ARTICLES IN CURRENT PERIODICALS. 


American Botanist, Joliet, [ll., for July, $1.50 per year, 40 cents a copy 
“The Pioneers of Botany,”’ “Plant Names and Their Meanings XX 
Malvaceae,’ Willard N. Clote, “‘Conspicuous Tropical Plants.”’ 

American Journal of Botany, Brooklyn Botanic Garden, for June 
$6.00 per year, 75 cents a copy. “The physiology of Pollen III. Growth 
in vitroand in vivo,”’ R. A. Brink; ‘“‘Total Acidity Compared with Actual 
Acidity of Plant Juices,” Felix G. Gustafson; ‘“‘A Physiological and Ana- 
tomical Study of the Leaves of Polypodium Polypodioides,”’ Louis J 
Pessin; ‘‘A Consideration of the Species Citrus Maxima (Burm.) Merrill 
Elmer D. Merrill and H. Atherton Lee; ‘The Helminthosporium Disease 
of Rice Oceurring in the Southern United States and in the Philippines,” 
Gerardo O. Ocfemia; ‘““The Plant Formations on the Coral Reefs Along 
the Northern Coast of Cuba,”’ J. C. Th. I phof. 

American Mathematical Monthly, Ann Arbor, Mich., for June. 8&5 pe 
year, 60 cents a copy. ‘““The Mathematical Association,’’ W. D. Cairns 
“A Second Budget of Exercises on Determinants,’’ Thomas Muir; ‘“‘The 
Trigonometry of Correlation,’’* Dunham Jackson; ‘A Theorem in Ther- 
modynamies,”’ J. E. Trevor; ‘On the Solution of Algebraic Equations 
with Rational Coefficients,’’ Glenn James; “A New Method for the 
Determination of the Group of Isomorphisms of the Symmetric Group 
of Degree N,’’ H. A. Bender; ‘“‘Questions and Discussions: ‘An Element- 
ary Solution ofa Problem of Diophantus,’’’ H. E. J. Curzon; “A Note on 
Checking a Solution of a Triangle’’ E. J. Moulton; “On the Treatment 
of Maxima and Minima in Caleulus Texts,’’ A. A. Bennett.’ 

Condor. Eagle Rock, Calif for July -August B5.0U pe year 10 cent 
acopy. “The Starling Family at Home and Abroad (with frontispiece)’ 
Casey A. Wood; ‘“‘Banding White Pelicans (with map)'’, Henry B. Ward; 
“Vigor, Distribution, and Pigmentation of the Egg,’’ Charles K. Averill: 
“The Common Loon in Alberta (with two photos)’’ A. D. Henderson 
“Weights of About Three Thousand Eggs,’ Wilson C. Hanna. 

Education, Boston, Mass., for February, $4.00 per year, 40 cents a copy 
“The Humanities Versus the Utilities,’ Florence M. Bennett; ‘‘The 
Selective University,’’ Robert Henderson; ““The Real South Africa 
Stephen G. Rich; “Some of My Worst Teaching Mistakes,’’ A Schoo! 
Principal; ‘‘Health Haoits, Related Knowledge and Problems of Health,’ 
(concluded), Pereival M. Symonds 


Nature Magazine, Washingtor Db. ¢ for August. £2.50 p ” 
“Trailing a Cougar,” “The Water That Falls from the Sky,”’ ‘‘Actaeon 
A White-Tailed Deer,” ‘A Wood Dueck Adventure,”’**Tannin for Strengt! 


ening Leather,’’ ‘““Pelican Photographs,”’ “‘Great Voleano in Eruption 
‘North American Orchids,”’ “Survivors of a Glorious Past,’’ ‘‘Mill o1 


Meadow,” *“‘Camping in the Palisades State Park,” ‘““Dragon Flies and 
Damsel Flies,”” “‘Nature and Human Nature,” “A Wonderful Bird 
Songster.”’ 


/) 


National Geographic Magazine Washingtor D. C., for August $3.4 
per year, 50 cents a copy. ‘*Diseovering the Oldest Statues in the World,’ 
with 26 illustrations, Norbert Casteret; ‘‘Adventurous Sons of Cadiz 
with 37 illustrations, Harriet Chalmers Adams; ‘‘Moorish Spain,”’ 26 
Autochromes Lumiére, Gervais Courtellemont; “‘From Granada to 
Gibraltar—a Tour of Southern Spain,’ with 23 illustrations, Harry A 
McBride. 

Photo-Era Magazine, Wolfeboro, N. H., for April, $2.40 pe jea 
cents a copy. ‘“‘The Photographer’s Daily Dozen,’’ W. L. Hartshorn 
et Story of Dirt,”’ William L W oodburn: “The Appalachian Mountair 
Club,”’ Parker B. Field; ‘‘Kinematography for the Amateur,” Parts 
VII and VIII, Herbert C. MeKay; ‘Reflections,’ The Camera (Dublin 
“Ausable Chasm, The Adirondacks, New York,”’ L. J. Creegan; ‘‘Trim 
ming and Mounting the Print,”’ G. C. Weston; ‘‘Coloring Prints wit! 
Oil-Colors,’’ Part I, William S. Davis 

Popular Astronomy, Northfield, Minn., for August-September. 8&4.0/ 
per year. ‘‘Eratosthenes, No. 6, Migration of the Plats,” with Plates 


XVI, XVII, and XVIII, William H. Pickering; “Dedication of the 20 
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Inch Equatorial Telescope of the Chabot Observatory to Charles Burek- 
halter, May 18, 1924,’ “‘Completion of the Henry Draper Catalogue,” 
Harlow Shapley; “The New Calendar of the Eastern Churches,’’ Miriam 
Nancy Shields; “The Shadow Bands of Total Eclipses,’’ Charles 8S. 
Hastings; “Observation of the Heavens,’’ Frederic R. Honey; “Polar 
Mountings for RKefractors and Reflectors,’’ C. J. Larson; “The Reform 
of the Present Calendar,’’ H. Jameson; “‘The Distribution of the Stars,”’ 
Harlow Shapley. 

Scientific Monthly, Garrison, N. Y., for July, 85.00 per year, 50 cents 
a copy. “The Master Key,” Dr. Paul R. Heyl; ‘‘The Origin, Nature 
and Influence of Relativity,’’ George D. Birkhoff; ‘“‘The Mississippi 
Gulf in the Middle and Upper Eocene,’”’ Edward W. Berry; ‘“‘Skidding 
on the Road to Science,’’ F. W. Hodge; ‘““The Need of an International 
Mind,”’ R. D. Carmichael; *‘Four Generations of Memorable Botanists,” 
William Trelease; ““The Next Science,”’ Arland D. Weeks; “Immigra- 
tion and the Declining Birthrate,’’ Dr. Maurice R. Davie; ‘‘The Develop- 
ment of Geologie Seience,”’ H. L. Fairchild. 

Torreya, Lancaster, Penn., for May-June, $1.00 per year, 30 cents a 
copy. “The Man-of-the-Earth or Wild Potato Vine,’ O. P. Medsger; 
“Alpine Plants of Kashmir,”’ Ralph R. Stewart; “A Fossil Celtis from 
Colombia,”’ Edward W. Berry; ‘“‘Fungi at Woodstock,’”’ W A. Murrill. 

Weather Review, Washington, D. C., for April, $1.50 per year, 15 cents 
a copy. ‘‘Hailstorms in Michigan, 1920-1923,"" D. A. Seeley and R. B. 
Dole (8 Fig.); ‘“‘Hailstorms Observed in Budapest, July 13, 1922,” A. 
Réthly (Fig.); ‘Tornadoes from Arkansas to Virginia, April 29-30, 1924,” 
H.C. Hunter; ‘‘Variations in the Hourly Rainfall at Lineoln, Nebr.,” 
H. G. Carter (8 Fig.); ““Hourly Precipitation at Topeka, Kans.,’’ S. D. 
Flora (Fig.); ‘‘Thunderstorm at Memphis, Tenn., April 29, 1924,”’ A. R. 


Long (Fig.); ‘Frost in the Cranberry Bogs of New Jersey,’’ G. A. Bliss; 
“Weather During April 21-26, 1924, and the Free-balloon Flights of 
April 23-25,"" V. E. Jakl (3 Fig.); ‘“New Standards of Anemometry,”’ 8. 


P. Fergusson and R. N. Covert; “Why Hardwoods do Not Grow Nat- 
urally in the West,’ J. A. Larsen; ‘‘Temperature Summations with Ref- 
erence to Plant Life,’’ G. A. Pearson (3 Fig.); ““Our Present Knowledge 
Concerning Atmospheric Disturbances of Radio-Telegraph,’’ L. W. Aus- 
tin; ‘‘Severe Winters in Southern Germany and Switzerland since the 
Year 1400, Determined from Severe Lake Freezes,’ J. Maurer. Trans- 
lation 


MONOPOLY ON TORNADOES HELD BY AMERICA. 


Tornadoes, such as the one which left a path of death and destruction 
in Ohio recently, are a strictly American product, according to Dr. W. J. 
Humphreys of the U. 8S. Weather Bureau. This type of storm is very 
rare in other parts of the world and almost unknown in Europe. 

The middle Mississippi valley is the region in which they are most 
prevalent. They are very rare in and east of the Appalachian Mountains, 
but are known in greater or less intensity in every part of the country 
east of the Roeky Mountains. None are recorded from the Pacifie coast. 

rhe exact conditions productive of tornadoes are not known. It has 
been observed, however, that they most frequently oceur in the south- 
eastern part of large circular storms and on the eastern part of V-shape 


storms 


Just as cross-currents produce whirlpools in swiftly moving water, so. 
tornadoes are produced by cross-eurrents of wind. The waterspout ob- 
served over the lake during the Ohio storm was merely the tornado 
passing over the water. The only difference between a waterspout and 
a Kansas twister is that the whirling winds are passing over water instead 
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ILLINOIS STATE ACADEMY OF SCIENCE. 
Council Meeting. 
Elgin High School, May 1, 1924 

The Couneil met with the Local Committee of Arrangements at 
High School Building, Elgin 

Final arrangements for the \nnu Meeting were liscussed and ill 
plans completed 

New names wert presented for membership rhe list of names was 
approved by the Council, and it Was voted to reeommend the Treasurer's 
list of new members to the Academy for election 

A letter from the British Association of Seience was read, in which an 


invitation was extended to our Academy of Seienece to attend the Science 
Convention to be held in Toronto, August 6-13, 1924 It Was recom 


mended that the incoming Council appoint delegates to the Toronto Cor 
vention from among those members of our Aeademy who were planning 
to atte nd 
Adjourned 
C. F. PHIPPS, 


Secretar 
Annual Business Meeting. 
Elgin High Sei , M >» 1924, 8 
President W. G. Waterman presided, and, after calling the meeting 
to order gave a brief report concerning the printing and distributing of 
the leaflets on the work and aims of the Academ) \ copy of the tt fl 
had been sent previously to each member of the Academ 


The Treasurer submitted the following report 
REPORT OF THE TREASURER FOR THE YEAR 1923-1924 


Balanee on hand, May 1, 1923 $ 459.97 
From Local Dues 130.00 
From National Dues 332.50 
For Reprints 176.61 
For Transactions 21.00 
Total $1.120.0S 
/ } ; 

teprints, Printing Bill $ 156.20 
Collected for A. A. A. S 32.00 
tefunded Dues 13.00 
hal ») 


Expense of President's Offic 


Expenses of Seeretary’s Offic: 351.26 


Expenses of Treasurer’s Offic iS.74 
Secretarv’s Salary 150.00 
Total S$ SO07.55 


Total Reeeipts $1,120.08 


Total Expense SO7.55 
Balance on hand $ 312.53 
The report was accepted by vote and referred to the auditing committee 

The Membership Committee, through its Chairman, Clarence Bonn 
reported that 34 new names had been approved by the Couneil for mem- 
bership. After reading the list of candidates a vote was taken electing 
them to membership in the Academy 

















“THE SCIENCE CLASSROOM” 


A Magazine for 


SCIENCE TEACHERS 


The Science Classroom supplements parts of the country. 


the textbook and provides the stimu- It illustrates apparatus constructed 

lating, vitalizing interests that make and tried out in the classroom. 

for successful science teaching. It gives detailed directions for extra- 
It describes the classroom methods, curricular activities. 

practices and experiences of the most It publishes lists of books, apparatus 


successful science teachers in different and materials. 


September-June, 10 issues, 25 cents. 


POPULAR SCIENCE MONTHLY 


Is used in thousands of schools as __ terial for outside reading and class dis” 


a supplemental science reader. It is cussion for Junior and Senior High 
recognized as the best source of ma- School Classes. 


Regular price $2.50 a year 
Special Rate to Schools $1.75 a year 


Educational Department, Popular Science Monthly. 
244 Fourth Avenue, New York, N. Y. 
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Mathematics on a Modern Basis 


By MABEL SYKES and CLARENCE COMSTOCK 


Beginners’ Algebra. This first-year algebra emphasizes the 
close connection between algebra and arithmetic, stresses work 
with the graph, and gives many simple exercises 

CBA Hurdle Tests. For teachers. These include a series 
of nineteen tests covering all the fundamental algebraic 
ope rations 

A Second Course in Algebra. The function is here pre 
sented explicitly as the central and controlling idea. The book 
ilso introduces a radical and successful method of handling 
problems 

Plane Geometry and Solid Geometry. Both of these 
books are based on the analytical method of attack and stress 
important theorems. They present a good choice of exercises 
and frequent summaries. The books may be had bound 


together or in one if so desired 


Rand MCNally & Company 


Chicago New York 
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The Librarian, A. R. Crook, handed in a written report, which will 
be printed in full, in the transactions. 

Chairman John C. Hessler, of the Committee on High School Science 
end Clubs gave a report on the year’s work, and this Committee’s report 
will be published in full in the transactions 

The report Was accepts d 

The Secretary reported that Vol. 16 of the Transactions had been 
published and sent out to all members, and about 400 copies remained 
in the Librarian’s keeping. Also reported that such reprints of the Gales 
burg papers as had been ordered were now in the press and would soo 
be issued. Report was accepted 

Chairman W. 8. Bayley, of the Committee on Affiliation, reported 
progress, : nd stated that the Committee had attempted to secure a census 


of the Scientific Societies of the State, but was unable to do so. It was 
diff eult to locate anv scientific societies not already aff liated with the 
Academy. Members were urged to notify the Committee if any loeal 
scientific societies were known to them. Report accepted 


y } 


The following plan for affiliating loeal scientific societies Was presented 


in two parts 


Local Academies of Science and similar Scientifie Societies in the State 
other than High School Scien Clubs, may become afhliated with t} 
State Academy by an affirmative vote of three-fourths of the members 
of such society, when confirmed | vote of the members of the St 

] 


Academy at their annual meeting Voted to adopt 


Members of such affiliated societies may become members of the Stat 
Academy without init 


loeal society su 


ation fee, by paying annual dues to the treasurer 


of the ficiently large sq that the local treasurer mav sen 


to the treasurer of the State Academy one dollar for each mem be r, except 
for life members of the State Academy, or for whose who are also members 
of the A. A. A. S Voted to ado; 


Several amendments to the Constitution were presented as follows 


l An amendm«e nt to Artiel V, illowing two p st-preside nts, 
stead of one, to sit with the Couns he article as amended in the firs 
sentence reads as follows: The Council shall consist of the Preside 


Vice-President, Secretary, Treasurer, Librarian, the retiring President 
and his immedi: 
(2) An addition to Article \ \t the Annual Meetings the pres 
officers of all the affiliated scientific societies of the State shall meet wit} 
the Academy Council for the discussion of policies 
(3) An addition to Article VI, providing for a Committee on Aff 
tion, consisting of five members chosen annually by the Academy 


4 An addition to Artic [\ ding tor the seleetion of a scé« 


vice-president 


te pre cde cessor! 


Said officer may be resident of the town in which the next ant 
meeting is to be held, and may be appointed by the Couneil each vear 
when the next meeting place shall have been decided upon 

The above amendment and additions to the constitution were s¢ 
rately adopted by vot 

The Illinois Nature Study Society of Elgin applied for affiliation wit 
the Academy, and by vote such affiliation was granted 

The President appointed the following committees, to report at the 
business meeting to be held at five o’clock in the afternoon 

Committee on Nominations—A. R. Crook, Chairman; H. C. Cowl 
Mary M. Steagall, L. E. Hildebrand, J. C. Hessler 
































Two Important New EpitIons 
CALDWELL AND EIKENBERRY: Elements of General Science 


Scientifically organized, making sane use of the problem method, 
and giving a broad, coherent view of the sciences as related to the 
pupils’ daily life—this book has long been the most widely used in 
its field. The new edition is strictly up-to-date in presentation and 
in material. 


WATERS: Essentials of the New Agriculture 


In line with the most recent advances “Essentials of the New 
Agriculture” contains much that is applicable to everyday work 
on the home farm. All the best features of the author’s ‘‘ Essentials 
of Agriculture,’ the most widely used high-school textbook in the 
subject, have been retained. Remarkable for the simplicity and 
interest of its style, and the number and beauty of its illustrations. 

















Boston GINN AND COMPANY New York 
Chicago London Atlanta Dallas Columbus San Francisco 
7 TEACH RADIO | 
Mew & 
With 
; : LANTERN | 
‘ ’ . i] 
: —--——— The Romance of Radio 
OK. V.¢ Sientna’s I a alia. ian Ef By F. G. Taylor, Oregon, Illinois. 
Covers the history and fundamental principles of radio in seventy-five lantern 
slides with accompanying descriptive text. , 
It will add immensely to the interest in the study of this important subject. 
It will strengthen immensely the pupils’ interest in the whole subject of mag- | 


netism and electricity. 
It will enable the busy 
be done. 

Title list and further information will be furnished on request. 

If you do not have a good lantern, send for descriptive circular of the Key- 
stone Daylight Projection Lantern. 


teacher to teach more in less time than can otherwise 


Keystone View Company, Inc. 
Meadville, Pa. 
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Committee on Resolutions—W. 8S. Bayley, Chairman; F. R. Jelliff, 


F. M. Colyer 

Committee on Auditing—W. H. Packard, Chairman: G. W. Boot, ¢ 
M. Turton. 

A motion was passed that a Committee on Conservation be added to 
our standing committees. By vote the incoming Council was empowered 
to appoint such a committee on Conservation for the coming year 

A letter was read from the British Association of Seience inviti 


hg oul 

Academy to send delegates to their meeting to be held in Toronto, August 

6-13, 1924 It was voted that the reeommendation of the Couneil, in 

session May 1, that delegates be appointed by the incoming Couneil, 

from among those who were to attend the Toronto meeting, be accepted 
Adjourned to meet 9:00 p. m. 


Business Meeting. 
Elgin High School, 5:00 p. m., May 2, 19 


President \\ Lerman presided Re port ot committees ealled tor 
W. H. Packard reported that the Auditing Committee had examined 


the books and accounts of tl lreasurer and had found them correct 
Report accepted 
W. 8S. Bayley, for the Resolutions Committee, reported as follows o1 


the death of members during the vear: 
It is with sincere regret that the Academy records the passing aw 


11 


during the past year ol the roliowing members 
Mr. C. B. Caldwell, Lineoln State School and Colon Lineolr i 
Mr. Theo. O. Edgar, Dixon, Illinois 
Mr. J. H. Jones, Evanston, Illino 
Mr. L. H. Hyde, Joliet, [linois 
Prof. Alexander MaeGillivr: Urbana, Illinois 
Mr. Chas. F. Millspaugh, Field Museum, Chieago, Illinois 


tesolutions accepts d bv vote 


Also the Committe pres ed resolution of th iKS to i pel n 
and organizations in Elgin who had | ved in ar vay to make our 
ing a success 

This resolution was adopted and it will be printed in full in the Trat 
actions. Copies were sent bv the Seeretary to all in Elgin coneerned 
making our meeting a success 

\ third resolution was presented concerning the practice of polluting 
the streams and rivers of Illinois, and reeommending reformatory actior 
by the state legis! ul 

This resolution was adopted, and will be printed in full in the Trans 


actions 

The Committee on Nominations reported as follov 

Nominations for Officers for 1924-25: President, W. G. Bain, Spri 
field; Vice-President, C. H. Smith, Chieago; Seeretary, C. F. Phipp 
DeKalb; Treasurer, W. B. MeDougall, Urbana; Librarian, A. R. Croo 
Springfield 

Nominations for Committee on Membership B. K. Richardson, 
Springfield, Chairman: W. H. Paekard, Peoria: J. H. Bretz, Chieag 
T. E. Savage, Urbana; Miss Alice Patterson, Normal. 

Nominations for Committee on Affiliations W. S. Bayley, Urb 


Chairman; Mrs. Eleanor Smith, Joliet; M. H. Leighton, Urbana: W. G 
Waterman, Evanston; C. A. Shull, Chicago 
Nominations for Third member of Publication Committees L. J 


Hildebrand 


Kenilwort! 






































Gray, Sandifur and Hanna’s 


FUNDAMENTALS OF 
CHEMISTRY 


HIS unique book breaks away from some of the 

traditional subject matter of high school chemistry 

and especially from the order of its presentation. 
[In doing so, these courageous authors move in the direc- 
tion of the signs of the times. Twenty-four 
chapters of timely topics having a commercial significance 
indispensable to daily life are presented with a fine balance 
between the practical and the theoretical. 

LOUIS W. MATTERN, 
echnical High School, Washington, D. ¢ 


145 pages of text; 201 allustrations. $1.68. Postpaid 


Laboratory Manual to accompany ‘‘Fundamentals of Chemistry’’ 92 cents 


HOUGHTON MIFFLIN COMPANY 


BOSTON NEW YORK CHICAGO SAN FRANCISCO 




















REVIEW QUESTIONS 
Twelve Thousand Questions in Eighteen Booklets 


Algebra 





Plane Geometry 

Chemistry Solid Geometry 

Physics Trigonometry 
Siz Pamphlets by Franklin T. Jones 





French Grammar Review—American History and Civics—Ancient 
History 
Three Pamphlets just published—compiled by Expert Teachers 


Other Pamphlets 


French A, French B; German A, German B; First Latin, Second Latin; 
Medieval and Modern European History (inciuding English History); Question 
Book on History; English. 





Price, each pamphlet, 50c. except English, Second Latin and French 
Grammar Review, 60c. Sample copy to a teacher half-price when money is 
sent with the order. 

Liberal discounts for Class Use 





Published and for Sale by 
THE UNIVERSITY SUPPLY & BOOK CO. 


10109 Wilbur Ave., Cleveland, Ohio. 
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The report of the Nominating Committee was aecepted, and the Secre- 
tary was empowered to cast the ballot of the meeting for the officers and 
committees nominated. This was done and the officers and committees 
named were declared elected 

The Treasurer reported five new candidates for membership, and they 
were duly elected. 

Meeting adjourned. 

The papers presented at the general meetings and section meetings 
were very much enjoyed by the members and visiting friends. As nearly 
as could be calculated there were from 150 to 200 Academy members 
present and possibly as many visitors. The total attendance at th 
section meetings Friday afternoon was about 200, but this number was 
much increased by visitors at the general meetings. There were 73 paper 
presented in the seven section meetings and three General sessions. The 
Academy was welcomed by Mayor Earle R. Kelly on Thursday evening 
in a very cordial address. 

On Saturday, May 3, many members and friends met at the Hig! 
School to participate in the field trips. One group visited the Elgin 
Watch factory and were shown through the various departments and 
had the details of making a million watches a year explained. After tl 
tour of inspection the Watch Company's Astronomical Observatory wa 
visited where it was learned how accurate time is obtained from the star 
every night. 

A second group, led by Dr. M. M. Leighton and Dr. Paul MaeClintock 
visited interesting regions of glacial deposits near Elgin. 

The third group, led by Dr. H. C. Cowles, made a study of plants and 
trees in Trout Park. The White Cedar swamp was of especial interest, 
since it is a relic of the glacial age and has no counterpart elsewhere in 
the state. 

All these groups met at noon in Trout Park where they were served 
bountiful complimentary luncheon by the Illinois Nature Study Societ) 
of Elgin. This courtesy was much appreciated by the members 

In the afternoon the Geology group continued its exploration of the 
glaciated regions, and the Botany group visited Hill's famous Evergreer 
Nursery at Dundee. 

Coneerning the Elgin meeting as a whole, many of the members voiced 
the opinion that it was a gratifying success, and that it was one of thé 
best the Academy had ever held 

C. FRANK PHIPPS 
— Secretary 
Minutes of the Educational Press Association. 
1924 

The annual meeting of the Educational Press Association scheduled 
for Wednesday, February 27, was held at the Hamilton Club in Chicago 
at 6:00 o'clock p. m. 

The meeting was called to order by President Arthur Chamberlain 
Editor of the Sierra Educational News. The program as arranged was 
carried out. 

Dr. George D. Strayer of Columbia University gave a very splendid 
address on the “‘Results of the Educational Finance Inquiry,” calling 
attention to the volumes already published and to the very fine informa- 
tion contained in them in regard to tax systems and support for the public 


schools. 
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Mathematical 
Essentials 


iBook One and Book Two (Book Three in Press) 


by 





J. A. DRUSHEL, A. B. (Yale), 
School of Education, New York University 
JOHN W. WITHERS, Ph.D., (Yale), 


Dean, School of Education, New York University 
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This series conforms to the requirements of the mathe- 
matics section on junior high school curricula. 


Some of the aims are: | 


1. To increase the pupil’s computing skill through 
standardized tests and short methods. 


~~ 


To develop the habit of checking computations. i 
3. To give some power in problem solving through the 
use of the graph, the table, and the equation solution. 
1. To provide such elements of business mathematics 
as are useful to the ordinary citizen. 
5. To present the social value of certain phases of ] 
arithmetic. 
6. To develop in a laboratory manner the rules for the 
mensuration of the common surfaces and solids and 
to apply these rules in problem solving. 
7. To give ability to use the five fundamental con- 
structions dealing with lines and angles. 


LYONS AND CARNAHAN | 


Publishers 
CHICAGO NEW YORK 
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1TICS 


Ss activity in Cal. 


fornia where the Governor of the stat had made a serious attack on the 
cost of schools The school people, organized through the Californi: 
Teachers Association, had succeeded in maintaining the position which 
had been attained after years of very hard, continuous effort 
**The Place of the Edueation | Press in De Ve loping Support for P LDLie 
Education” was discussed excellent paper by Dr. Frank A 
Weld of the American Educatior Digest. This paper was so well 1 
ceived that on motion of Mr. Walker, Editor of School and Communit 
and by unanimous vot was ordered printed and distributed to tl 
membe rsi po rie Kd l@at nal Press Association 
Jovy E. Morg Chairman e Committee on Standards for Ed 
tional Journals, mad report for the Committee his report was re 
ceived n the reco! nend ms conta 1 in it were ipprove t 
unanimous vot 1 reprir g of the leaflets on St lard 
sizes and he cont ‘se ion ¢ t} ( ommitt to make a turthner 1d 
problems relating to r g cluding rates, proportion of vertis 
ing to reading T g ( vertising, ethical standards vol | 
and undeveloped opportu S vertising The complet por 
the Committee is cluded these minutes 
On motion d made 1 seconded, tl llowing reé it va 
unanimousl lopted Re that the Edueational Pr Asso 
; of Americ lorse St g-Reed Educ ym Bill before ¢ gre 
i and urge its members activ: ymote the passage of this m« iT 
: lhe Treasurer’s report, sub ted l'reasurer M. P. Helm ? | 
and on motion approved or fled in the minutes of the Assoe 
tior The Treasurer reported ut lues for 1924 amounting to $125 
as a resource oO the Assoc if I ontob | ne ( vn b i! i 
statement 
Twenty-six members wet ttendanee the d er ollow 
{. H. Chamberlain, Sierra |] cational News 
James H Kelle V, Pennsvl\ nia Sehool Jour 
D. E. Robinson, Utah Edueat il Revie 
J. W. Searson, American Edw onal Dig 
Frank A. Weld, American Educ onal Dig 
George L. Towne, American Edueatic By 
é B. E. Dill, American Edueational Digest 
C. C. Meyer, American Edueational Digs 
M. P. Helm, Eduestor-Jour 
QO. S. Deming, Southern School Js 
Chas. A. Bennett, Industr ] Magazi 
L. L. Simpson, Industrial Edueation Magazine 
N. Guy Wilson, Edueational Publishing Compan 
E. S. Smith, Educational Pul ing Compan 
(. H. Smith, School Seiene | Mathemati 
C. M. Turton, School Seien Mathematie 
J. C. Isenbarger, Sehool S | Mathematie 
é J. A. Nyberg, School Science Mathematics 
H. E. Cobb, School Science Mathematie 
W. E. Tower, School Science id Mathemati« 
J. R. Fuvell, Educational Advan¢ 
Joy E. Morgan, Journal of the N. E. A 
Chas. F. Pye, Midland Scho 
E. M. Carter, School and ¢ t 
Thos. J. Carter, School and Community 
E. M. Hosman, Nebraska Edueational Jourt 
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Good Laboratory Furniture stimu- 
lates student interest and encour 
ages better worl Instructors also 
are able to serve with greater effi- 


ciency. In thousands of universities, 


colleges, high schools, normal schools, 


vocation | schools, 


] mi die: ] college Ss. 
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Kewaunee Laboratory Furniture is 
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Chemical Table No. 890 





Designed for use in the small school chemical 
boratory Eight students may be accom- 
dated, working in sections of four. 
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small drawers extending through the entire table provide storage 


This 





Combination Physics « Chemistry Table 
No. 14223 


This design is 1 tical for use as a student's 
lesk or in a private laboratory Has two larger 
nd eight smaller drawers and four cupboards 
Very solid nstructed and finely finished 





Physics Laboratory Table No. 700 
ry 1 lar with teachers Very substan- 
tially built Can be supplied, if desired, with 
lower cupboard and drawers 
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The following officers were elected for the ensuing year 

President Arthur Chamberlain 

Secretary George L. Towns 

Treasurer—M. P. Helm 

Executive Committee—Joy E. Morgan, Chas. F. Pye 

After discussion and approval by the Association, the President a1 


nounced that a conference of the Association would be arranged at Wash- 


ington during the meeting of the National Education Associution 
On motion duly made and seconded, the Association adjourned 


GEO. L. TOWNE, Seeretaz 


Southern California Science and Mathematics Association. 


Minutes of the Gene al Veet ng Fy lay, Dece nher 21. 1923 


President Weatherby called the meeting to order at one-thirt) \t 
tendance was excellent despite the fact that this meeting was held durin 
the last half-day session of Institute week It was also the fifth meeti 
of many members of the association during the week; for this vear, fo 


the first time, we had a series of correlated science talks and a real scientis 


1 


to give them on five different days, and every talk counted as a regula 


session of Institute and could be substituted for the more general address¢ 
land atten liane 


usually attended. Many remarks of approval were hear 


certainly justified repeating the arrangement for future Institutes 


i¢ 
President Weatherby spoke of this and also of the fact that he ha 


1 


tried to have four meetings of the Association this year, and had succeed 


i 


in having three—the evening session at Lineoln High, the afternoon 


session at Southwest Museum, and this excellent series of talks at Insti- 
| 


tute. The meeting that was to have be n held at Thanksgiving time 


had to be given ip as the spt aker was called away to Santa Maria 
He complimented the program committee under Mr. Sandifur and 
recommended that their work be continued by a committee appoint 


by the new president 


The Committee on ( hemical Industries and Resources of Souther: 


California announced it would have a complete report to make in th 
near future. Mr. Ross made a preliminary report of the work done s 
far and said he hoped that 500 copies of the final report should be mimeo 
graphed or printed. 150 firms have been interviewed 

Miss Willson moved that Mr. Ross should be allowed to bring |} 
excellent work to a close, and, with the ipproval of the Executive Com 
mittee, be allowed to publish (a 20-25 page pamphlet probably), tl 
results of this worl The motion was seconded 

President Weatherby then ealled for the report of the Committ: 
Resolutions—Mr. Ross and Mr. Moore The report was as follow 

Dr. Dayton C. Miller, Professor of Physies, Case School of Apy 
Science, Che veland, Ohio, has delivered during this week Dee 17-21 
1923, a series of five lectures before the members of the Southern Calif 


nia Seience and Mathematics Association The lecture subjects have 
| 


been “‘Sound Waves and Met 
Them,” ‘‘Noises and Non-Musical Sounds,” *‘Acousties of Auditoriums,’ 
**Tone Qualities of Musical Instruments,’ and *‘Physieal Characteristic 
of the Sounds of Speech.” 


Dr. Miller in these lectures has explained how the science of sound ha 


been of service to mankind in the correction of unsatisfactory accoustics 


in auditoriums, and how modern architecture has been enriches 
by advance knowledge of the acoustic properties of buildings 

Also Dr. Miller has presented the results of a high type of researe 
and illustrated his lectures with his invention, the ‘‘phonodeik.”’ By 
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IN TRIGONOMETRY 


The use of the Slide Rule 
as a check in Trigonometry 
is nowregularly taught in col- 
leges and high schools. Our 
manual makes self-instruc- 
tion easy for teacher and 
student. 

Write for descriptive circu- 
lar of our Slide Rules and 
information about our large 
Demonstrating Slide Rule 
for use in the class room. 


KEUFFEL & ESSER CO. 





NEW YORK, 127 Fulton Street General Office and Factories, HOBOKEN, N. J. 


CHICAGO ST. LOUIS SAN FRANCISCO MONTREAL 
516-20 $. Dearborn St. 817 Locust St. 30-34 Second St. 5 Notre Dame St. W. 


Drawing Materials, Mathematical and Surveying Instrume. ts, Measuring Tapes 
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IMPROVED 


VACUUM DESICCATOR 


Made of extra heavy glass. Parts are carefully 
ground together. Each desiccator is carefully 
tested under a vacuum of 28 4-in. mercury column 
before shipment is made. A special porcelain 
holder is supplied for crucibles. This holder is 
about 3 in. high and fully protects the crucibles 
from the acid or other material used for drying. 
No. 2567. Vacuum Desiccator, as above, 
complete with ground-in stopcock and Special 
Porcelain Holder. 
Sin. size—-$17.40 10 in. size—$23.00 





EIMER & AMEND 


Headquarters for Laboratory Apparatus and Chemicals 


PITTSBURGH, PA., AGENT NEW YORK, N. Y. 
4048 Franklin Rd., N. S. Third Ave., 18th to 19th Street 











JUST PUBLISHED 





Laboratory Manual 
of Chemistry 


By G. H. BRUCE 


A course of sixty experiments in chemistry for secondary 
schools, carefully worked out by a teacher of long experi- 
ence. The method of presentation is adjusted to the 
capacities of high school students. 

The Manual is in loose-leaf form and bound with a.sub- 


stantial cover. It can be used with any textbook 
x+120 pages Price $1.20 
WORLD BOOK COMPANY 
Yonkers-on-Hudson, New York 2126 Prairie Avenue, Chicago 
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iad SCHOOL SCIENCE AND MATHEMATICS 


College Manuel of Optics, by Lloyd W. Taylor, University of Chicago 
Pages. IX+236, 14.5x21 em Cloth 1924 $2.80 Ginn and Com 
pany, Boston, Mass 

The Political Unit of Public School Finanee in Illinois, by Flovd W 
Reeves. Pages XV +166, 16x24e¢m. Cloth 1924. The MacMillan 
Company, New York City 

Shop Mathematies, Part I, by Karle B. Norris, University of Montana 
and Kenneth G. Smith, Supervisor of Industrial Education, Lansing 
Mieh Pages XIII +257 15x23 em Cloth, 1924. $2.00 MeGraw 
Hill Book Company, New York City 

Western Forest Trees, by James B. Berry, Department of Publie 
Institutions, Pennsylvania. Pages XI+212, 13.5x19 em. Cloth. 1924 
$1.20. World Book Company, Yonkers, New York 

Principles of Animal Biology | \. F. Shull, George R. Larve and 
Alexander E. Rothven, all of the University of Michigan. Pages XVIII 
422, 16x23.5 em Cloth 1924 $3.50 MeGraw-Hill Book Co., New 
York City. 

Beginnings in Educational Measurement, by Edward A. Lincoln 
Harvard University 150 pages 13x19.2 em Cloth 1924 J. B 
Lippincott Company, Chicag 

Insect Life bv W alter W Kr ieger, ( entral High School, Grand | 
Mich. 74 pages, 17x25em. Paper. 1923. Central High, Grand I 
Mich. 

Teachers Guide to Palmer Method Pennmanship, by A. N. Palmer, 
Palmer Co. 96 pages. 23x29.5em. Cloth. 1923. $1.25 \. N. Palmer 
Co., Chicago. 

Mathematical Essentials, Book one, by J. A. Drushel, Harris Teach 
College, St. Louis and John W. Withers, New York University Pag 
XI+196, 14x19 em Clot] 1924 Lyons and Carnahan, Chicago 

Our Physical World, by Elliot R. Downing, University of Chieago 
Pages X VIII +367, 14x20 en Cloth. 1924. $3.50. The Univer 
Chicago Press. 

Juniors High Sehool Curricula, by Harlan ¢ Hime University of 
Cineinnati. Pages XII+1S88, 13x19 em. Cloth. 1924 The Mae Millan 
Company, New York 

Elements of Electrical Engineering, by George D. Shepardson, Univer 
sity of Minnesota Pages IX +335, 15x22 em. Cloth 1924 Che 
Mae Millan Company, New Yor 

Mathematical Essentials, by J. A. Drushel, Harris Teacher Colleg 
St. Louis and John W. Withers, New York University. Pages XITI +237 
14x19 em Cloth 1924 Lyon and Carnahan, Chicago 
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Elementary Algebra by Elmer A. Lyman, Ypsilanti, Mich., and 
Alburtus Darnell, College of the C of Detroit, Detroit, Mich 336 
pages. 13x19 em. Cloth 1924 American Book Co., Chicago 

This book covers the topies ordinarily given in a first course in high 
school algebra, including a ver brief introduction to variation and 
numerical trigonometry. The authors have not attempted to make the 
book one in so-called correlated or unified mathematies. However, it 


has been designed to meet the requirements of the College Entrances 
Examination Board which it essentially does 
An outstanding feature of the book is the presentation and develop 


ment of the fundamental operations with positive numbers, bef 
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PETERSON LABORATORY FURNITURE 


Superior quality is not the result of 
accident, but of infinite pains in the 
application of knowledge and experi- 


AF REE Moe. TR ence 


Our ability in manufacturing Labor- 
atory Furniture proceeds from 34 
years of practical craftsmanship and 
study of the requirements of schools 
and colleges, coupled with the facili- 
ties of { most modern and well- 
























equip] ed factory 








Only } qualit dependable service, 
ir dealing has Peterson Furni- 
intained the lea lership. 


ur Catalog No. 14-D. It 


he 1 complete line of fine Laboratory 








h ture for ¢ ttional institutions, 


s Desk No. 1200 tals, and trial plants 





Instructor’ 


LEONARD PETERSON & CO., INC. 


Manufacturers of Guaranteed Laboratory Furniture 
OFFICE AND FACTORY 





1222-34 Fullerton Avenue Chicago, Hl. 





New York Sales Office: Knickerbocker Bldg., 42nd and Broadway 











Back numbers of School Science, School Mathematics, and School 
Science and Mathematics may be had for 30 cents a single copy. 
The Mathematical Supplements for 15 cents a copy. 

In sets the prices are, postpaid: 
School Mathematics and Supplements, Vol. I, five numbers._..... $1.00 


School Science, Vol. 1, seven numbers... —. ee 5.50 
School Science, Vols. Il, 7 numbers .. RS USE oT eek 5.00 
School Science, Vol. 3, eight nmumbers.................................--.-------- 5-50 
School Science, Vol. IV, three numbers_.. . aS TS 
School Science and Mathematics, Vols. V, VI, VII, VIII, IX, 

X, XI, XH, XIN, XIV, XV, XVI and XVII, each __................ 2.50 
School Science and Mathematics, Vols. XVIII, XIX, XX, 

XXI, XXII, and XXIII, each........... ee ee LL I 





"$5 Established In 1876 This Machine Wii Produce 


Automatically 


GAS 


For your laboratories, 
Domestic Science De- 
partment and for light- 
ing. 


$3 Standard for 


* * . 


In use in hundreds of 

educational institutions 

throughout the coun- 

try. 

Write to us tor a list o! colleges and high schools using our machine. 
Illustrated Catalogue Will be Sent on Request. 


MATTHEWS GAS MACHINE CO. 
CHICAGO, ILLINOIS 





6 E. Lake Street 
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SIMPLE POLARIZING ATTACHMENT 


For Gaertner College Spectrometer 


Recommended for studying Fresnel’s laws of refraction, elliptical 
polarization by reflection and by transmission through crystals, ete. 
The attachment is made to fit our L 101 Spectrometer, but it can be 
fitted to any other small spectrometer at a nominal additional cost. 
Two circles carrying rotable 10 mm nicols fit over the telescope and 
collimator objectives. A third circle at the eye end and fits in the place 
of the usual adapter with cross hairs and carries a special Ramsden 
eyepiece with a nicol between the lenses. The circles are divided to 
5 degrees and permit estimating to single degrees. The nicols may 
otated independently of the circle for adjustment of zero. 


L10ld. Polarizing Attachment for L 101 Spectrometer, $60.00 


Bulletin No. 101 on Spectrometers and Accessories will be 
mailed on request. 


PHYSICAL APPARATUS 


For Elementary Laboratory Work 


Designed for Use with the Millikan, Gale and Bishop Course 
GAERTNER APPARATUS for this course has been recognized as superior 
ever since its introduction. Many pieces of, the apparatus were designed, 


in conjunction with the authors, by our President, Mr. Wm. Gaertner, him- 
self an expert scientific instrument maker of world-wide repute. 


Write for Catalog H-D:1923 


The Gaertner Scientific Corporation 


Successor to Wm. Gaertner & Co. 


1201 Wrightwood Avenue Chicago, U. S. A. 
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cent, areas, geometrical construction, bar and picture graphs, ‘‘Ju I 


ase 


fun’’ exe reise, standardized tests here is a good protractor under the 


back cover. 
Kighth School Year. XVII +254 pages. $.88 Like the first book this 


s featured 


ner Sa a: 


embodies the principle of the unification of mathematics. It 
by drill in the fundamental operations, geometrical constructions and 


Seen ee 


intuitive proofs, elementary algebra, short cuts, hurdle and standardized 


a 


tests, business arithmetic ise of the tangent function in computation 


= 


ea 


The book has protractor 
Ninth Sehool Year XIII +382 pages $1.56 The third book is a 


modern algebra fulfilling college entranee requirements for a year in 


: algebra. The usual order of treatment of some of the topies is not main 
; tained, but their introduction is logical Tangent, sine and cosine ftune- 
} tions are employed in computations Other features of the bool ire 


cumulative reviews, standardized tests, graphs and the functional idea 
constantly employed, treatment of zero, negative and fractional expo 
nents, computation by means of logarithms and the slide rul Chere 
are no answers to the exercises, exe pt in a few cases where the answer 


is given with the exercise. Occasionally a number of answers are given 1 
some right, some wrong, from which the pupil is to select the correct o1 
best answer 
W. H. ¢ 
Reference Studies in Medieval History, in three parts, by James W 
Thompson, University of Chicag Pages XXXVI+XII+XI1I+342, 
$ 13x20 em. Paper. 1924 The University of Chieago Press 
In this new syllabus of Medieval History teachers and students will 
find a veritable gold mine It contains assignments in detail on ever 
conceivable topic from 100 A. D. to 1500 A. D The significant fact 
about it, and one which makes it so valuable is that all the specifie refer 
ences are to works and periodicals in English. Here the student told 
where he can find the material for a paper on the Roman Labor Gil 
or one on Roads and Bridge Building During the Middle Ag or 
other topic which may appeal to his interest or imaginatior 
Nor can serious students of Science afford to pass lightly over tl The 
svilabus, containing as it does topies on the Rise of Natural Seienee, the 
Introduction of Arabie Science, ete rrue, if we take the technical defin q 


tion of science as a process of Know ledge making, we find of course ve 
little of the testing or experimental method during the Middle Ag 
If however we use the ordinary definition of science as knowledge appli 


to external phenomena, we find the Medieval period well worth our 


study Agric 


From the svilabus the tudent will learn that we have had alway two 
types of mind rhe religious type sees the world as it is cannot be Aste 
plained and falls back on more or less of supernatural hyptheses; the \ 
other type feels that it ynly a question of time before we shall know Biok 
laws and be able to explain everything Che latter view is of cours Bota 
essentially pagan, mater! ilistie, and coldly seientifie This ty pe ol mind 
takes it for granted that the law we know for regions here below appl) Cher 
also to regions we do not know, and that some day a generation will come 
along who will know it all Between these two types the mind of maz Cher 
has ever hovered, and did the medieval mind Because they | 
too much towards the religiou tvpe, writers have been wont t Geog 
and laugh at them; but that is a thing of the past. Scholars are now [ 
coming to feel that if we are to really master our own problems we 
not neglect a thorough study of the Middle Ages. For such a study this Pp, 


syllabus will go a long wat FE. X. MeGUUNE 


En 





